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RULE 131 DECLARATION 



I, Avi J. Ashkenazi, hereby declare as follows: 

1. I am the named inventor of the claimed subject matter of the 
above- identified patent application. 

2. The above- identified patent application claims priority to 
application serial no. 08/857,216 filed with the Patent Office on 
May 15, 1997, and I am the named inventor in that priority 
application. A copy of my priority application serial no. 
08/857,216 (hereinafter the "'216 application") is attached as 
Exhibit A. 

3. All work described in the above-identified application and 
the x 216 application was performed by me or on my behalf in the 
United States of America. 

4. The x 216 application filed on my behalf on May 15, 1997 
demonstrates both my conception of the claimed invention of the 
present application and a constructive reduction to practice of 
the invent ion . 

5. Experiments performed by me or on my behalf relating to the 
identification and structural characterization of the Apo-2 
receptor are described, for example, in Example 1 of the '216 
application, pages 58-62. In in vitro binding assays, I found 
that the Apo-2 receptor extracellular domain binds the ligand 
known as Apo-2 ligand (the '216 application, e.g., pages 63, 
lijies 9^35 - page 64, lines 1-6). In further in vitro assays, I 
also found that the Apo-2 receptor was capable of inducing cell 
death in transfected mammalian cells (the x 216 application, page 
64, lines 9-35 - page 65, lines 1 -13) . 



6. In the '216 application, agonist antibodies to the Apo-2 
receptor are described. (See, e.g., Page 10, lines 3-5; Page 15, 
lines 7-10; Page 56, lines 21-23) . More particularly, the '216 
application discloses that an agonistic Apo-2 antibody may be 
employed to activate or stimulate apoptosis in mammalian cancer 
cells (Page 56, lines 21-23) . Methods for making Apo-2 
antibodies are described on pages 48-56 of the '216 application. 
Apoptotic activity in mammalian cells is described on, e.g., page 
17, lines 1-12, of the '216 application. 

7. The '216 application therefore demonstrates that agonist 
antibodies which bind Apo-2 receptor and stimulate apoptosis were 
conceived and constructively reduced to practice by the May 15, 
1997 filing date of my patent application. 

8. I have read and reviewed US Patent 6,313,269 issued to Deen 
et al. on June 6, 2000 (hereinafter the '"269 patent") (a copy of 
which is attached as Exhibit B) . I understand that the '269 
patent is based on application serial no. 09/333,593 filed with 
the Patent Office on June 15, 1999 and claims priority to three 
earlier filed applications. I note that in these applications, 
the receptor sequence is termed "TR6 . " 

9. I have read and reviewed the three applications referenced 
in the previous paragraph and to which the '269 patent claims 
priority. They are: 08/916,625 filed August 22, 1997 (attached as 
Exhibit C) ; 08/853,684 filed May 9, 1997 (attached as Exhibit D) ; 
and 60/041,230 filed March 14, 1997 (attached as Exhibit E) . A 
depiction of the family is shown below, relative to the filing 
date of the '216 application. 
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09/333,593 
(6/15/1999) 



U.S.P. 6,313,269 



CIP 



08/916,625 
(8/22/1997) 



CIP 



Genentech priority date 
(5/15/1997) 



08/853,684 
(5/9/1997) 



CIP 



( 60/041,230 "\ 
(3/14/1997) J 



10. Two of the three applications noted in the preceding 
paragraph were filed prior to the May. 15, 1997 filing date of my 
'216 application. These are 08/853,684 (the '684 application) 
and 60/041,230 (the '230 application). 

11. The only text appearing in the "26 9 patent concerning 
"potential TR6 agonists" that could be an antibody is contained 
in a single sentence that appears at Column 24, lines 57-60, and 
reads as follows: 

Examples of potential TR6 agonists include antibodies that 
bind to TR6, its ligand, such as TL2, or derivatives 
thereof, or small molecules that bind to TR6 . 

This sentence is not found in either the '684 or the '230 
applications . 

12. In comparing the disclosures of the '269 patent and its 
three priority applications, I found that the text referred to in 
paragraph 11 above was added for the first time in the '625 
application, which was filed August 22, 1997 (i.e.., after the 
filing date of the '216 application) . 

13. The '230 application discloses a polynucleotide sequence 
that encodes a 307 amino acid "partial" TR6 sequence. See, e.g., 
page 8, lines 25-28. The '230 application postulates that TR6 is 
structurally related to other proteins in the Tumor Necrosis 
Factor (TNF) receptor superfamily based on sequence homologies. 
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See, e.g., page 8, lines 25-33. The '230 application suggests 
that the disclosed TR6 sequence has about 25.0% homology with 
murine TNF-R2, 25.6% homology with human TNF-R1, and 21.3% 
homology with human TNF-R2. 

14. The '230 application also postulates that the TR6 sequence 
contains a death domain (amino acids 220-277) based on a homology 
analysis to other members of the TNF receptor superfamily. See, 
e.g., page 9, lines 1-6. The application discloses that the TR6 
protein has a 35.7% homology with the human DR3 death domain, 
32.7% homology with the human TNF-R1 death domain, and 19.6% 
homology with the Fas death domain. 

15. Based on these homology observations, the "230 application 
postulates the full-length TR6 is approximately 410 amino acids. 
See, page 9, lines 7-8. 

16. The polynucleotide encoding the full-length (411 amino 
acids) TR6 polypeptide was not disclosed until the filing of the 
'684 application. See, e.g., page 10, line 23. The '684 
application postulates that the full-length TR6 , like the partial 
sequence disclosed in the '230 application, is structurally 
related to other proteins in the TNF receptor superfamily based 
on homology analyses to certain members of that superfamily. For 
instance, the '684 application postulates that TR6 has a 58% 
homology to human DR4 over 411 amino acids, and that TR6 has a 
death domain sequence (amino acids 290-324) based on homology 
analyses to certain members of the TNF receptor superfamily. 
See, p. 20, lines 28-29. The application discloses that the 
postulated death domain sequence of TR6 has 64% homology to the 
death domain of human DR4 , 35.7% homology to the death domain of 
human DR3 , 32.7% homology to the death domain of human TNF-R1, 
and 19.6% homology to the death domain of Fas. See, page 10, 
lines 29-30 and page 11, lines 1-5. 

17. Neither the '684 nor the '230 applications provide any 
further analysis regarding the identity or conservation of 
specific amino acids within the putative death domain, which were 
known to be crucial for activity of the death domain of TNFR1 
(see, e.g., Table 2, Tartaglia et al . , Cell, 74, 845-853 (1993); 
Fig. 4B, Brojatsch et al . , Cell, 87, 845-855 (1996)). 

18. I note that the functional complexity of TNF receptor 
superfamily members that contain death domain motifs was well 
known in the art at the time of the filing of the '230 
application, particularly with respect to the biological 
functions associated with binding of ligands to such receptors. 
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The '684 and '230 applications acknowledge that members of the 
TNF ligand or TNF receptor super family are known to have a wide 
and divergent range of biological activities and functions. See, 
e.g., '230 application at page 2, lines 27-28 and page 3, lines 
3-8 and '684 application at page 2, lines 24-25 and page 3, lines 
2-7. One example is the low affinity NGF receptor (p75 NGFR, 
also called "neurotrophin receptor" or "NTR" ) known prior to the 
filing date of the '684 and '230 applications. In Rabizadeh et 
al., Science, 261, 345-348 (1993), the authors teach that 
"expression of p75 NGFR induced neural cell death constitutively 
when p75 NGFR was unbound; binding by NGF or monoclonal antibody, 
however, inhibited cell death induced by p75 NGFR" . In Chapman, 
FEBS Lett., 374, 216-220 (1995), the author states that "Unlike 
TNFR-1 and Fas, cell death induced by NTR (namely p75 NGFR) is 
reversed rather than caused by ligand binding". Thus, at the 
time of the filing of the '230 application, binding of ligand to 
NTR was known to inhibit, rather than stimulate, apoptosis. 
Therefore, the mere presence of a death domain related sequence 
is not, standing alone, indicative of the specific function or 
functions of a receptor in the TNF receptor superfamily, 
particularly those functions associated with ligand binding to 
such receptor. 

19. Neither the '684 nor the '230 application provide any 
experimental data characterizing the expression product (s) of the 
disclosed polynucleotide sequence, or any data characterizing 
functions associated with ligand binding to such sequences. 

20. The '684 and '230 applications, p. 30, line 16 and p. 20, 
line 20, respectively, indicate that through Northern Blot 
analysis varying levels of expression of TR6 was observed in 
aortic endothelial cells, monocytes, bone marrow, CD4+ activated 
PBLs, CD19+ PBLs, CD8 + PBLs (both activated and unstimulated), 
unstimulated CD4+ PBLsm, and in hematopoietic cell lines. A 
disclosure of such a wide expression pattern does not provide 
sufficient information to a person skilled in the art to suggest 
any specific activity or function for the molecule encoded by the 
disclosed TR6 sequences. 

21. Neither the '684 nor the '230 application identify the 
ligand that specifically binds to the putative TR6 receptor. The 
'625 application (filed on August 22, 1997) was the first 
application in this family of applications to disclose that TRAIL 
is a ligand of the putative TR6 receptor. 

22. For at least these reasons, I believe the '684 and '23 0 
applications do not and cannot provide an adequate basis to 
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determine the specific biological functions of the putative TR6 
receptor disclosed in those applications. In particular, it is 
my opinion that a person of ordinary skill in this field would 
not be able to determine, in view of the relatively low homology 
of the putative death domain described in the specifications, the 
absence of any description of the ligand that binds the putative 
receptor, and the lack of experimental data characterizing the 
expression product of the TR6 sequence, that the TR6 receptor 
mediates specific biological functions, such as apoptosis, upon 
ligand binding. 

23. Also in light of the above facts and observations, it is my 
opinion that with respect to the x 684 and '230 applications that 
one skilled in the art would find no suggestion to produce 
antibodies raised against the TR6 receptor that induce specific 
biological functions (e.g., apoptosis) upon binding of such 
antibodies to the putative receptor. 

I further declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code, and that such willful false statements may 
jeopardize the validity of the application or any patent issuing 
thereon. 





Avi J. Ashkenazi, Ph.D. 
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PATENT DOCKET NO. PI 101 
EXPRESS MAIL NO: EM239524622US 
MAILED: May 15, 1997 



Apo-2 Receptor 



FIELD OF THE INVENTION 
The present invention relates generally to the 
identification, isolation, and recombinant production of novel 
polypeptides, designated herein as "Apo-2". 



BACKGROUND OF THE INVENTION 
Apoptosis or "Programmed Cell Death" 
Control of cell numbers in mammals is believed to be 
determined, in part, by a balance between cell proliferation and 
cell death. One form of cell death, sometimes referred to as 
necrotic cell death, is typically characterized as a pathologic 
form of cell death resulting from some trauma or cellular injury. 
In contrast, there is another, "physiologic" form of cell death 
which usually proceeds in an orderly or controlled manner. This 
orderly or controlled form of cell death is often referred to as 
"apoptosis" [see, e.g., Barr et al., Rio/Technology, 12:487-493 
(1994); Steller et al . , Science . 267:1445-1449 (1995)]. Apoptotic 
cell death naturally occurs in many physiological processes,, 
including embryonic development and clonal selection in the immune 
system [Itoh et al., Cell . 66:233-243 (1991)] . Decreased levels of 
apoptotic cell death have been associated with a variety of 
pathological conditions, including cancer, lupus,. and herpes virus 
infection [Thompson, Science . 267:1456-1462 (1995)]. Increased 
levels of apoptotic cell death may be associated with a variety of 
other pathological conditions, including AIDS, Alzheimer's disease, 
Parkinson's disease, amyotrophic lateral sclerosis, multiple 
sclerosis, retinitis pigmentosa, cerebellar degeneration, aplastic 
anemia, myocardial infarction, stroke, reperfusion injury, and 
toxin-induced liver disease [see, Thompson, supra] . 



Apoptotic cell death is typically accompanied by one or 
more characteristic morphological and biochemical changes in cells, 
such as condensation of cytoplasm, loss of plasma membrane 
microvilli, segmentation of the nucleus, degradation of chromosomal 
DNA or loss of mitochondrial function. A variety of extrinsic and 
intrinsic signals are believed to trigger or induce such 
morphological and biochemical cellular changes [Raff, Nature, 
356 : 397-400 (1992); Steller, supra ; Sachs et al., Blood, 82.:15 
(1993)] . For instance, they can be triggered by hormonal stimuli, 
such as glucocorticoid hormones for immature thymocytes, as well as 
withdrawal of certain growth factors [Watanabe-Fukunaga et al., 
Nature , 356 :314-317 (1992)]. Also, some identified oncogenes such 
as myc, rel, and E1A, and tumor suppressors, like p53, have been 
reported to have a role in inducing apoptosis. Certain 
chemotherapy drugs and some forms of radiation have likewise been 
observed to have apoptosis- inducing activity [Thompson, supra] . 

TNF Family of Cytokines 
Various molecules, such as tumor necrosis factor-a ( " TNF - 
a"), tumor necrosis factor-/? ("TNF-j3" or " lymphotoxin" ) , CD30 
ligand, CD27 ligand, CD40 ligand, OX-40 ligand, 4 -IBB ligand, Apo-1 
ligand (also referred to as Fas ligand or CD95 ligand) , and Apo-2 
ligand (also referred to as TRAIL) have been identified as members 
of the tumor necrosis factor ("TNF") family of cytokines [See, 
e.g., Gruss and Dower, Blood , 85:3378-3404 (1995); Wiley et al . , 

Immunity , 3:673-682 (1995); Pitti et al., i Biol, Chem. , 

271:12687-12690 (1996)]. Among these molecules, TNF-or, TNF-0, CD30 
ligand, 4-1BB ligand, Apo-1 ligand, and Apo-2 ligand (TRAIL) have 
been reported to be involved in apoptotic cell death. Both TNF -a 
and TNF-/3 have been reported to induce apoptotic death in 
susceptible tumor cells [Schmid et al . , Proc. Natl. Acad. Sci. , 
83:1881 (1986); Dealtry et al., Eur. J. Immunol., 17:689 (1987)]. 
Zheng et al. have reported that TNF -a is involved in post- 
stimulation apoptosis of CD8-positive T cells [Zheng et al., 
Nature , 3_77 =.348-351 (1995)]. Other investigators have reported 
that CD30 ligand may be involved in deletion of self -reactive T 
cells in the thymus [Amakawa et al., Cold Spring Harbor Laboratory 



Symposium on Programmed Cell Death, Abstr. No. 10, (1995)]. 

Mutations in the mouse Fas/Apo-1 receptor or ligand genes 
(called Ipr and gld, respectively) have been associated with some 
autoimmune disorders, indicating that Apo-1 ligand may play a role 
5 in regulating the clonal deletion of self -reactive lymphocytes in 
the periphery [Krammer et al., Curr, Op . Immunol., 6:279-289 
(1994); Nagata et al . , Science , 267:1449-1456 (1995)]. Apo-1 
ligand is also reported to induce post-stimulation apoptosis in 
CD4 -positive T lymphocytes and in B lymphocytes, and may be 

10 involved in the elimination of activated lymphocytes when their 
function is no longer needed [Krammer et al., supra; Nagata et al., 
supra] . Agonist mouse monoclonal antibodies specifically binding 
to the Apo-1 receptor have been reported to exhibit cell killing 
activity that is comparable to or similar to that of TNF-a 

15 [Yonehara et al., J. Exp. Med. . 169:1747-1756 (1989)]. 

TNF Family of Receptors 
Induction of various cellular responses mediated by such 
TNF family cytokines is believed to be initiated by their binding 
to specific cell receptors. Two distinct TNF receptors of 

20 approximately 55-kDa (TNFR1) and 75-kDa (TNFR2) have been 
identified [Hohman et al . , J- Biol. Chem. , 264:14927-14934 (1989); 
Brockhaus et al., Proc. Natl. Acad. Sci. . 87:3127-3131 (1990); EP 
417,563, published March 20, 1991] and human and mouse cDNAs 
corresponding to both receptor types have been isolated and 

25 characterized [Loetscher et al., Cell, 61:351 (1990); Schall et 
al., Cell . 61:361 (1990); Smith et al., Science. 248:1019-1023 
(1990); Lewis et al., Proc. Natl- Acad. Sci. . 88=2830-2834 (1991); 
Goodwin et al., MoT. Cell. Biol. . 11:3020-3026 (1991)]. Extensive 
polymorphisms have been associated with both TNF receptor genes 

30 [see, e.g., Takao et al., Tmmunoaenetics . 37:199-203 (1993)] . Both 
TNFRs share the typical structure of cell surface receptors 
including extracellular, transmembrane and intracellular regions. 
The extracellular portions of both receptors are found naturally 
also as soluble TNF-binding proteins [Nophar, Y. et al., EMBO J . , 
35 9:3269 (1990); and Kohno, T. et al., Pmn . Natl. Acad. Sci. U.S.A. , 
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87:8331 (1990)] . More recently, the cloning of recombinant soluble 

TNF receptors was reported by Hale et al. rj. Cell. Biochem. 

Supplement 15F . 1991, p. 113 (P424)]. 

The extracellular portion of type 1 and type 2 TNFRs 
(TNFR1 and TNFR2) contains a repetitive amino acid sequence pattern 
of four cysteine-rich domains (CRDs) designated 1 through 4, 
starting from the NH 2 -terminus . Each CRD is about 40 amino acids 
long and contains 4 to 6 cysteine residues at positions which are 
well conserved [Schall et al . , supra ; Loetscher et al., supra ; 
Smith et al., supra ; Nophar et al., supra ; Kohno et al . , supra] . 
In TNFR1, the approximate boundaries of the four CRDs are as 
follows: CRD1- amino acids 14 to about 53; CRD 2- amino acids from 
about 54 to about 97; CRD3- amino acids from about 98 to about 138; 
CRD4- amino acids from about 13 9 to about 167. In TNFR2, CRD1 
includes amino acids 17 to about 54; CRD2- amino acids from about 
55 to about 97; CRD3- amino acids from about 98 to about 14 0; and 
CRD4- amino acids from about 141 to about 179 [Banner et al . , Cell, 
23:431-435 (1993)]. The potential role of the CRDs in ligand 
binding is also described by Banner et al., supra . 

A similar repetitive pattern of CRDs exists in several 
other cell-surface proteins, including the p75 nerve growth factor 
receptor (NGFR) [Johnson et al . , Cell , 47:545 (1986); Radeke et 
al., Nature , 325:593 (1987)], the B cell antigen CD40 [Stamenkovic 
et al., EMBO J. , 8:1403 (1989)], the T cell antigen OX40 [Mallet et 
al., EMBO J. , 9:1063 (1990)] and the Fas antigen [Yonehara et al., 
supra and Itoh et al., supra] . CRDs are also found in the soluble 
TNFR (sTNFR) -like T2 proteins of the Shope and myxoma poxviruses 
[Upton et al., Virology , 160:20-29 (1987); Smith et al., Biochem. 
Biophvs. Res. Commun. . 17£:335 (1991); Upton et al . , Virology., 
184:370 (1991)]. Optimal alignment of these sequences indicates 
that the positions of the cysteine residues are well conserved. 
These receptors are sometimes collectively referred to as members 
of the TNF/NGF receptor superfamily. Recent studies on p75NGFR 
showed that the deletion of CRD1 [Welcher, A. A. et al., Proc. Natl. 
& ra d, sci. USA, 88.: 159-163 (1991)] or a 5-amino acid insertion in 



this domain [Yan, H. and Chao, M.V., J. Biol. Chem. , 266:12099- 
12104 (1991)] had little or no effect on NGF binding [Yan, H. and 
Chao, M.V., supra l . p75 NGFR contains a proline-rich stretch of 
about 6 0 amino acids, between its CRD4 and transmembrane region, 
which is not involved in NGF binding [Peetre, C. et al., Eur. J. 
Hematol. . 41:414-419 (1988); Seckinger, P. et al., J. Biol. Chem., 
264.: 11966-11973 (1989); Yan, H. and Chao, M.V. , supra] . A similar 
proline-rich region is found in TNFR2 but not in TNFR1. 

Itoh et al. disclose that the Apo-1 receptor can signal 
an apoptotic cell death similar to that signaled by the 5 5-kDa 
TNFR1 [Itoh et al., supra ] . Expression of the Apo-1 antigen has 
also been reported to be down-regulated along with that of TNFR1 
when cells are treated with either TNF-a or anti-Apo-1 mouse 
monoclonal antibody [Krammer et al . , supra ; Nagata et al., supra ] . 
Accordingly, some investigators have hypothesized that cell lines 
that co-express both Apo-1 and TNFR1 receptors may mediate cell 
killing through common signaling pathways [Id_J . 

The TNF family ligands identified to date, with the 
exception of lymphotoxin-a, are type II transmembrane proteins, 
whose C- terminus is extracellular. In contrast, the receptors in 
the TNF receptor (TNFR) family identified to date are type I 
transmembrane proteins. In both the TNF ligand and receptor 
families, however, homology identified between family members has 
been found mainly in the extracellular domain ( "ECD" ) . Several of 
the TNF family cytokines, including TNF-a, Apo-1 ligand and CD40 
ligand, are cleaved proteolytically at the cell surface; the 
resulting protein in each case typically forms a homotrimeric 
molecule that functions as a soluble cytokine. TNF receptor family 
proteins are also usually cleaved proteolytically to release 
soluble receptor ECDs that can function as inhibitors of the 

cognate cytokines. 

Recently, other members of the TNFR family have been 
identified. In Marsters et al., Curr. Biol., 6:750 (1996), 
investigators describe a full length native sequence human 
polypeptide, called Apo-3, which exhibits similarity to the TNFR 



family in its extracellular cysteine-rich repeats and resembles 
TNFR1 and CD95 in that it contains a cytoplasmic death domain 
sequence (see also Marsters et al., Curr. Biol. . 6:1669 (1996)]. 
Apo-3 has also been referred to by other investigators as DR3, wsl- 
1 and TRAMP [Chinnaiyan et al . , Science , 274:990 (1996); Kitson et 
al., Nature , 3_84:372 (1996); Bodmer et al., Immunity , 6:79 (1997)]. 

Pan et al. have disclosed another TNF receptor family 
member referred to as " DR4 " [Pan et al., Science. 276:111-113 
(1997)]. The DR4 was reported to contain a cytoplasmic death 
domain capable of engaging the cell suicide apparatus. Pan et al. 
disclose that DR4 is believed to be a receptor for the ligand known 
as Apo-2 ligand or TRAIL. 

The Apoptosis -Inducing Signaling Co mplex 
As presently understood, the cell death program contains 
at least three important elements - activators, inhibitors, and 
effectors; in C. elegans, these elements are encoded respectively 
by three genes, Ced-4, Ced-9 and Ced-3 [Steller, Science, .267:1445 
(1995); Chinnaiyan et al . , Science , 275:1122-1126 (1997)]. Two of 
the TNFR family members, TNFR1 and Fas/Apol (CD95) , can activate 
apoptotic cell death [Chinnaiyan and Dixit, Current Biology, 6:555- 
562 (1996); Fraser and Evan, Cell ; 85:781-784 (1996)]. TNFR1 is 
also known to mediate activation of the transcription factor, NF-kB 
[Tartaglia et al . , Cell . 74:845-853 (1993); Hsu et al . , Cell, 
84:299-308 (1996)]. In addition to some ECD homology, these two 
receptors share homology in their intracellular domain (ICD) in an 
oligomerization interface known as the death domain [Tartaglia et 
al., supra ; Nagata, Cell , 88:355 (1997)]. Death domains are also 
found in several metazoan proteins that regulate apoptosis, namely, 
the Drosophila protein, Reaper, and the mammalian proteins referred 
to as FADD/M0RT1, TRADD, and RIP [Cleaveland and Ihle, Cell, 
81:479-482 (1995)]. Using the yeast-two hybrid system, Raven et 
al. report the identification of protein, wsl-1, which binds to the 
TNFR1 death domain [Raven et al., Programmed Cell Death Meeting, 
September 20-24, 1995, Abstract at page 127; Raven et al., European 
ryfnlHne Network . 2:Abstr. 82 at page 210 (April-June 1996)]. The 



wsl-1 protein is described as being homologous to TNFR1 (48% 
identity) and having a restricted tissue distribution. According 
to Raven et al . , the tissue distribution of wsl-1 is significantly 
different from the TNFR1 binding protein, TRADD. 

Upon ligand binding and receptor clustering, TNFR1 and 
CD95 are believed to recruit FADD into a death- inducing signalling 
complex. CD95 purportedly binds FADD directly, while TNFR1 binds 
FADD indirectly via TRADD [Chinnaiyan et al., Cell, 8_1: 505-512 

(1995) ; Boldin et al., .T. Biol . Chem. . 270:387-391 (1995); Hsu et 
al., supra ; Chinnaiyan et al., J • Biol. Chem. , 271:4961-4965 

(1996) ]. It has been reported that FADD serves as an adaptor 
protein which recruits the Ced-3-related protease, MACHa/FLICE 
(caspase 8), into the death signalling complex [Boldin et al., 
Cell , 85:803-815 (1996); Muzio et al., Cell , 85:817-827 (1996)]. 
MACHa/FLICE appears to be the trigger that sets off a cascade of 
apoptotic proteases, including the interleukin-10 converting enzyme 
(ICE) and CPP32/Yama, which may execute some critical aspects of 
the cell death programme [Fraser and Evan, supra] . 

It was recently disclosed that programmed cell death 
involves the activity of members of a family of cysteine proteases 
related to the C. elegans cell death gene, ced-3, and to the 
mammalian IL-l-converting enzyme, ICE. The activity of the ICE and 
CPP32/Yama proteases can be inhibited by the product of the cowpox 
virus gene, crmA [Ray et al., Cell, 69:597-604 (1992); Tewari et 
al., Cell . 81:801-809 (1995)]. Recent studies show that CrmA can 
inhibit TNFR1- and CD95-induced cell death [Enari et al., Nature , 
375:78-81 (1995); Tewari et al., .T_ Biol. Chem.. 270:3255-3260 
(1995) ] . 

As reviewed recently by Tewari et al., TNFR1, TNFR2 and 
CD40 modulate the expression of proinflammatory and costimulatory 
cytokines, cytokine receptors, and cell adhesion molecules through 
activation of the transcription factor, NF-kB [Tewari et al., Curr^. 
n r RAtiftt. Develop. , 6:39-44 (1996)]. NF-kB is the prototype of a 
family of dimeric transcription factors whose subunits contain 
conserved Rel regions [Verma et al., Genes Develop. , 9:2723-2735 



(1996); Baldwin, Ann. Rev. Immunol. , L4:649-681 (1996)]. In its 
latent form, NF-kB is complexed with members of the IkB inhibitor 
family; upon inactivation of the I«B in response to certain 
stimuli, released NF-kB translocates to the nucleus where it binds 
to specific DNA sequences and activates gene transcription. 

For a review of the TNF family of cytokines and their 
receptors, see Gruss and Dower, suora . 

SUMMARY OF THE INVENTION 
Applicants have identified cDNA clones that encode novel 
polypeptides, designated in the present application as "Apo-2." It 
is believed that Apo-2 is a member of the TNFR family; full-length 
native sequence human Apo-2 polypeptide exhibits some similarities 
to some known TNFRs, including a cytoplasmic death domain region. 
Full-length native sequence human Apo-2 also exhibits similarity to 
the TNFR family in its extracellular cysteine-rich repeats. Apo-2 
polypeptide has been found to be capable of triggering caspase- 
dependent apoptosis and activating NF-kB. Applicants surprisingly 
found that the soluble extracellular domain of Apo-2 binds Apo-2 
ligand (Apo-2L) and can inhibit Apo-2 ligand function. It is 
presently believed that Apo-2 ligand can signal via at least two 
different receptors, DR4 and the newly described Apo-2 herein. 

In one embodiment, the invention provides isolated Apo-2 
polypeptide. In particular, the invention provides isolated native 
sequence Apo-2 polypeptide, which in one embodiment, includes an 
amino acid sequence comprising residues 1 to 411 of Figure 1 (SEQ 
ID N0:1). In other embodiments, the isolated Apo-2 polypeptide 
comprises at least about 80% amino acid sequence identity with 
native sequence Apo-2 polypeptide comprising residues 1 to 411 of 

Figure 1 (SEQ ID NO:l). 

In another embodiment, the invention provides an isolated 
extracellular domain (ECD) sequence of Apo-2. Optionally, the 
isolated extracellular domain sequence comprises amino acid 
residues 54 to 182 of Fig. l (SEQ ID NO:l) . 

In another embodiment, the invention provides an isolated 



death domain sequence of _ Apo-2. Optionally, the isolated death 
domain sequence comprises amino acid residues 324 to 391 of Fig. 1 
(SEQ ID N0:1) . 

In another embodiment, the invention provides chimeric 
molecules comprising Apo-2 polypeptide fused to a heterologous 
polypeptide or amino acid sequence. An example of such a chimeric 
molecule comprises an Apo-2 fused to an immunoglobulin sequence. 
Another example comprises an extracellular domain sequence of Apo-2 
fused to a heterologous polypeptide or amino acid sequence, such as 
an immunoglobulin sequence. 

In another embodiment, the invention provides an isolated 
nucleic acid molecule encoding Apo-2 polypeptide. In one aspect, 
the nucleic acid molecule is RNA or DNA that encodes an Apo-2 
polypeptide or a particular domain of Apo-2, or is complementary to 
such encoding nucleic acid sequence, and remains stably bound to it 
under at least moderate, and optionally, under high stringency 
conditions. In one embodiment, the nucleic acid sequence is 
selected from: 

(a) the coding region of the nucleic acid sequence of 
Figure 1 (SEQ ID NO: 2) that codes for residue 1 to residue 411 
(i.e., nucleotides 140-142 through 1370-1372), inclusive; 

(b) the coding region of the nucleic acid sequence of 
Figure 1 (SEQ ID NO: 2) that codes for residue 1 to residue 182 
(i.e., nucleotides 140-142 through 683-685), inclusive; 

(c) the coding region of the nucleic acid sequence of 
Figure 1 (SEQ ID NO: 2) that codes for residue 54 to residue 182 
(i.e., nucleotides 299-301 through 683-685), inclusive; 

(d) the coding region of the nucleic acid sequence of 
Figure 1 (SEQ ID NO: 2) that codes for residue 324 to residue 391 
(i.e., nucleotides 1109-1111 through 1310-1312), inclusive; or 

(e) a sequence corresponding to the sequence of (a) , (b) , 
(c) or (d) within the scope of degeneracy of the genetic code. 

In a further embodiment, the invention provides a vector 
comprising the nucleic acid molecule encoding the Apo-2 polypeptide 
or particular domain of Apo-2. A host cell comprising the vector 



or the nucleic acid molecule is also provided. A method of 
producing Apo-2 is further provided. 

In another embodiment, the invention provides an antibody 
which specifically binds to Apo-2. The antibody may be an 
agonistic, antagonistic or neutralizing antibody. 

In another embodiment, the invention provides non-human, 
transgenic or knock-out animals. 

A further embodiment of the invention provides articles 
of manufacture and kits that include Apo-2 or Apo-2 antibodies. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the nucleotide sequence of a native 
sequence human Apo-2 cDNA and its derived amino acid sequence. 

Figure 2A shows the derived amino acid sequence of a 
native sequence human Apo-2 - the putative signal sequence is 
underlined, the putative transmembrane domain is boxed, and. the 
putative death domain sequence is dash underlined. The cysteines 
of the two cysteine-rich domains are individually underlined. 

Figure 2B shows an alignment and comparison of the death 
domain sequences of native sequence human Apo-2, DR4 , Apo-3/DR3, 
TNFR1, and Fas/Apo-1 (CD95) . Asterisks indicate residues that are 
essential for death signaling by TNFR1 [Tartaglia et al . , supra ] . 

Figure 3 shows the interaction of the Apo-2 ECD with Apo- 
2L. Supernatants from mock-transf ected 293 cells or from 293 cells 
transfected with Flag epitope -tagged Apo-2 ECD were incubated with 
poly-His- tagged Apo-2L and subjected to immunoprecipitation with 
anti-Flag conjugated or Nickel conjugated agarose beads. The 
precipitated proteins were resolved by electrophoresis on 
polyacrylamide gels, and detected by immunoblot with anti-Apo-2L or 

anti-Flag antibody. 

Figure 4 shows the induction of apoptosis by Apo-2 and 
inhibition of Apo-2L activity by soluble Apo-2 ECD. Human 293 
cells (A, B). or HeLa cells (C) were transfected by P RK5 vector or 
by pRK5 -based plasmids encoding Apo-2 and/or CrmA. Apoptosis was 
assessed by morphology (A) , DNA fragmentation (B) , or by FACS (C- 
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E) . Soluble Apo-2L was pre- incubated with buffer or affinity- 
purified Apo-2 ECD together with anti-Flag antibody or Apo-2 ECD 
immunoadhesin or DR4 or TNFR1 immunoadhesins and added to HeLa 
cells. The cells were later analyzed for apoptosis (D) . Dose- 
response analysis using Apo-2L with Apo-2 ECD immunoadhesin was 
also determined (E) . 

Figure 5 shows activation of NF-kB by Apo-2, DR4, and 
Apo-2L. (A) HeLa cells were transfected with expression plasmids 
encoding the indicated proteins. Nuclear extracts were prepared 
and analyzed by an electrophoretic mobility shift assay. (B) HeLa 
cells or MCF7 cells were treated with buffer, Apo-2L or TNF-alpha 
and assayed for NF-kB activity. (C) HeLa cells were preincubated 
with buffer, ALLN or cyclohexamide before addition of Apo-2L. 
Apoptosis was later analyzed by FACS. 

Figure 6 shows expression of Apo-2 mRNA in human tissues 
as analyzed by Northern hybridization of human tissue poly A RNA 
.blots. 

DETAILED DESCRIPTION OF THE PREFERRED EMB ODIMENTS 
I . Definitions 

The terms "Apo-2 polypeptide" and "Apo-2" when used 
herein encompass native sequence Apo-2 and Apo-2 variants (which 
are further defined herein) . These terms encompass Apo-2 from a 
variety of mammals, including humans. The Apo-2 may be isolated 
from a variety of sources, such as from human tissue types or from 
another source, or prepared by recombinant or synthetic methods. 

A "native sequence Apo-2" comprises a polypeptide having 
the same amino acid sequence as an Apo-2 derived from nature. 
Thus, a native sequence Apo-2 can have the amino acid sequence of 
naturally-occurring Apo-2 from any mammal. Such native sequence 
Apo-2 can be isolated from nature or can be produced by recombinant 
or synthetic means. The term "native sequence Apo-2" specifically 
encompasses naturally-occurring truncated or secreted forms of the 
Apo-2 (e.g., an extracellular domain sequence) , naturally-occurring 
variant forms (e.g., alternatively spliced forms) and naturally- 
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occurring allelic variants of the Apo-2. A naturally-occurring 
variant form of the Apo-2 includes an Apo-2 having an amino acid 
substitution at residue 410 in the amino acid sequence shown in 
Figure 1 (SEQ ID NO:l). In one embodiment of such naturally- 
ocurring variant form, the leucine residue at position 410 is 
substituted by a methionine residue. In Fig. 1 (SEQ ID N0:1), the 
amino acid residue at position 410 is identified as "Xaa" to 
indicate that the amino acid may, optionally, be either leucine or 
methionine. In Fig. 1 (SEQ ID NO:2) , the nucleotide at position 
1367 is identified as "W" to indicate that the nucleotide may be 
either adenine (A) or thymine (T) or uracil (U) . In one embodiment 
of the invention, the native sequence Apo-2 is a mature or full- 
length native sequence Apo-2 comprising amino acids 1 to 411 of 
Fig. 1 (SEQ ID NO:l) . 
15 The "Apo-2 extracellular domain" or "Apo-2 ECD " refers to 

a form of Apo-2 which is essentially free of the transmembrane and 
cytoplasmic domains of Apo-2. Ordinarily, Apo-2 ECD will have less 
than 1% of such transmembrane and/or cytoplasmic domains and 
preferably, will have less than 0.5% of such domains. Optionally, 
20 Apo-2 ECD will comprise amino acid residues 54 to 182 of Fig. 1 
(SEQ ID N0:1) or amino acid residues 1. to 182 of Fig. 1 (SEQ ID 
N0:1). 

"Apo-2 variant" means a biologically active Apo-2 as 
defined below having at least about 80% amino acid sequence 

25 identity with the Apo-2 having the deduced amino acid sequence 
shown in Fig. 1 (SEQ ID NO:l) for a full-length native sequence 
human Apo-2. Such Apo-2 variants include, for instance, Apo-2 
polypeptides wherein one or more amino acid residues are added, or 
deleted, at the N- or C-terminus of the sequence of Fig. 1 (SEQ ID 

30 N0:1). Ordinarily, an Apo-2 variant will have at least about 80% 
amino acid sequence identity, more preferably at least about 90% 
amino acid sequence identity, and even more preferably at least 
about 95% amino acid sequence identity with the amino acid sequence 

of Fig. 1 (SEQ ID N0:1) . 
35 "Percent (%) amino acid sequence identity" with respect 
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to the Apo-2 sequences identified herein is defined as the 
percentage of amino acid residues in a candidate sequence that are 
identical with the amino acid residues in the Apo-2 sequence, after 
aligning the sequences and introducing gaps, if necessary, to 
achieve the maximum percent sequence identity, and not considering 
any conservative substitutions as part of the sequence identity. 
Alignment for purposes of determining percent amino acid sequence 
identity can be achieved in various ways that are within the skill 
in the art, for instance, using publicly available computer 
software such as ALIGN™ or Megalign (DNASTAR) software. Those 
skilled in the art can determine appropriate parameters for 
measuring alignment, including any algorithms needed to achieve 
maximal alignment over the full length of the sequences being 
compared . 

The term "epitope tagged" when used herein refers to a 
chimeric polypeptide comprising Apo-2, or a domain sequence 
thereof, fused to a "tag polypeptide". The tag polypeptide has 
enough residues to provide an epitope against which an antibody can 
be made, yet is short enough such that it does not interfere with 
activity of the Apo-2. The tag polypeptide preferably also is 
fairly unique so that the antibody does not substantially cross- 
react with other epitopes. Suitable tag polypeptides generally 
have at least six amino acid residues and usually between about 8 
to about 50 amino acid residues (preferably, between about 10 to 
about 20 residues) . 

"Isolated," when used to describe the various 
polypeptides disclosed herein, means polypeptide that has been 
identified and separated and/or recovered from a component of its 
natural environment. Contaminant components of its natural 
environment are materials that would typically interfere with 
diagnostic or therapeutic uses for the polypeptide, and may include 
enzymes, hormones, and other proteinaceous or non-proteinaceous 
solutes. In preferred embodiments, the polypeptide will be 
purified (1) to a degree sufficient to obtain at least 15 residues 
of N- terminal or internal amino acid sequence by use of a spinning 
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cup sequenator, or (2) to homogeneity by SDS-PAGE under non- 
reducing or reducing conditions using Coomassie blue or, 
preferably, silver stain. Isolated polypeptide includes 

polypeptide in situ within recombinant cells, since at least one 
5 component of the Apo-2 natural environment will not be present. 
Ordinarily, however, isolated polypeptide will be prepared by at 
least one purification step. 

An "isolated" Apo-2 nucleic acid molecule is a nucleic 
acid molecule that is identified and separated from at least one 

10 contaminant nucleic acid molecule with which it is ordinarily 
associated in the natural source of the Apo-2 nucleic acid. An 
isolated Apo-2 nucleic acid molecule is other than in the form or 
setting in which it is found in nature. Isolated Apo-2 nucleic 
acid molecules therefore are distinguished from the Apo-2 nucleic 

15 acid molecule as it exists in natural cells. However, an isolated 
Apo-2 nucleic acid molecule includes Apo-2 nucleic acid molecules 
contained in cells that ordinarily express Apo-2 where, for 
example, the nucleic acid molecule is in a chromosomal location 
different from that of natural cells. 

20 The term "control sequences" refers to DNA sequences 

necessary for the expression of an operably linked coding sequence 
in a particular host organism. The control sequences that are 
suitable for prokaryotes, for example, include a promoter, 
optionally an operator sequence, and a ribosome binding site. 

25 Eukaryotic cells are known to utilize promoters, polyadenylation 
signals, and enhancers. 

Nucleic acid is "operably linked" when it is placed into 
a functional relationship with another nucleic acid sequence. For 
example, DNA for a presequence or secretory leader is operably 

30 linked to DNA for a polypeptide if it is expressed as- a preprotein 
that participates in the secretion of the polypeptide; a promoter 
or enhancer is operably linked to a coding sequence if it affects 
the transcription of the sequence; or a ribosome binding site is 
operably linked to a coding sequence if it is positioned so as to 

35 facilitate translation. Generally, "operably linked" means that 
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the DNA sequences being linked are contiguous, and, in the case of 
a secretory leader, contiguous and in reading phase. However, 
enhancers do not have to be contiguous. Linking is accomplished by 
ligation at convenient restriction sites. If such sites do not 
exist, the synthetic oligonucleotide adaptors or linkers are used 
in accordance with conventional practice. 

The term "antibody" is used in the broadest sense and 
specifically covers single anti-Apo-2 monoclonal antibodies 
(including agonist, antagonist, and neutralizing antibodies) and 
anti-Apo-2 antibody compositions with polyepitopic specificity. 

The term "monoclonal antibody" as used herein refers to 
an antibody obtained from a population of substantially homogeneous 
antibodies, i.e., the individual antibodies comprising the 
population are identical except for possible naturally-occurring 
mutations that may be present in minor amounts. Monoclonal 
antibodies are highly specific, being directed against a single 
antigenic site. Furthermore, in contrast to conventional 
(polyclonal) antibody preparations which typically include 
different antibodies directed against different determinants 
(epitopes) , each monoclonal antibody is directed against a single 
determinant on the antigen. 

The monoclonal antibodies herein include hybrid and 
recombinant antibodies produced by splicing a variable (including 
hypervariable) domain of an anti-Apo-2 antibody with a constant 
domain (e.g. "humanized" antibodies), or a light chain with a heavy 
chain, or a chain from one species with a chain from another 
species, or fusions with heterologous proteins, regardless of 
species of origin or immunoglobulin class or subclass designation, 
as well as antibody fragments (e.g., Fab, F(ab') 2 , and Fv) , so long 
as they exhibit the desired biological activity. See, e.g. U..S. 
Pat. No. 4,816,567 and Mage et al., in Monoclonal Antibody 
Production Techniques and Appl ications, pp. 79-97 (Marcel Dekker, 

Inc.: New York, 1987). 

Thus, the modifier "monoclonal" indicates the character 
of the antibody as being obtained from a substantially homogeneous 



r 



population of antibodies, and is not to be construed as requiring 
production of the antibody by any particular method. For example, 
the monoclonal antibodies to be used in accordance with the present 
invention may be made by the hybridoma method first described by 
5 Kohler and Milstein, Nature, 256:495 (1975), or may be made by 
recombinant DNA methods such as described in U.S. Pat. No. 
4,816,567. The "monoclonal antibodies" may also be isolated from 
phage libraries generated using the techniques described in 
McCafferty et al., Nature, 148:552-554 (1990), for example. 

10 "Humanized" forms of non-human (e.g. murine) antibodies 

are specific chimeric immunoglobulins, immunoglobulin chains, or 
fragments thereof (such as Fv, Fab, Fab', F(ab') 2 or other antigen- 
binding subsequences of antibodies) which contain minimal sequence 
derived from non-human immunoglobulin. For the most part, 

15 humanized antibodies are human immunoglobulins (recipient antibody) 
in which residues from a complementary determining region (CDR) of 
the recipient are replaced by residues from a CDR of a non-human 
species (donor antibody) such as mouse, rat, or rabbit having the 
desired specificity, affinity, and capacity. In some instances, Fv 

20 framework region (FR) residues of the human immunoglobulin are 
replaced by corresponding non-human residues. Furthermore, the 
humanized antibody may comprise residues which are found neither in 
the recipient antibody nor in the imported CDR or framework 
sequences. These modifications are made to further refine and 

25 optimize antibody performance. In general, the humanized antibody 
will comprise substantially all of at least one, and typically two, 
variable domains, in which all or substantially all of the CDR 
regions correspond to those of a non-human immunoglobulin and all 
or substantially all of the FR regions are those of a human 

30 immunoglobulin consensus sequence. The humanized antibody 
optimally also will comprise at least a portion of an 
immunoglobulin constant region or domain (Fc) , typically that of a 
human immunoglobulin. 

"Biologically active" and "desired biological activity" 

35 for the purposes herein mean having the ability to modulate 
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apoptosis (either in an agonistic or stimulating manner or in an 
antagonistic or blocking manner) in at least one type of mammalian 
cell in vivo or ex vivo. 

The terms "apoptosis" and "apoptotic activity" are used 
5 in a broad sense and refer to the orderly or controlled form of 
cell death in mammals that is typically accompanied by one or more 
characteristic cell changes, including condensation of cytoplasm, 
loss of plasma membrane microvilli, segmentation of the nucleus, 
degradation of chromosomal DNA or loss of mitochondrial function. 
10 This activity can be determined and measured, for instance, by cell 
viability assays, FACS analysis or DNA electrophoresis, all of 
which are known in the art. 

The terms " treating, " "treatment," and "therapy" as used 
herein refer to curative therapy, prophylactic therapy, and 
15 preventative therapy. 

The term "mammal" as used herein refers to any mammal 
classified as a mammal, including humans, cows, horses, dogs and 
cats. In a preferred embodiment of the invention, the mammal is a 
human . 

20 

II . Compositions and Methods of the Invention 

The present invention provides newly identified and 
isolated Apo-2 polypeptides. In particular, Applicants have 
identified and isolated various human Apo-2 polypeptides. The 

25 properties and characteristics of some of these Apo-2 polypeptides 
are described in further detail in the Examples below. Based upon 
the properties and characteristics of the Apo-2 polypeptides 
disclosed herein, it is Applicants' present belief that Apo-2 is a 
member of the TNFR family. 

30 A description follows as to how Apo-2, as well as Apo-2 

chimeric molecules and anti-Apo-2 antibodies, may be prepared. 
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A. Preparation of Apo-2 

The description below relates primarily to production of 
Apo-2 by culturing cells transformed or transfected with a vector 
containing Apo-2 nucleic acid. It is of course, contemplated that 
alternative methods, which are well known in the art, may be 
employed to prepare Apo-2. 

1 . Isolation of DNA Encoding Apo-2 

The DNA encoding Apo-2 may be obtained from any cDNA 
library prepared from tissue believed to possess the Apo-2 mRNA and 
to express it at a detectable level. Accordingly, human Apo-2 DNA 
can be conveniently obtained from a cDNA library prepared from 
human tissues, such as the bacteriophage libraries of human 
.pancreas and kidney cDNA described in Example 1. The Apo-2- 
encoding gene may also be obtained from a genomic library or by 
oligonucleotide synthesis. 

Libraries can be screened with probes (such as antibodies 
to the Apo-2 or oligonucleotides of at least about 20-80 bases) 
designed to identify the gene of interest or the protein encoded by 
it. Screening the cDNA or genomic library with the selected probe 
may be conducted using standard procedures, such as described in 
Sambrook et al . , Molecular Cloning: A Labor atory Manual (New York: 
Cold Spring Harbor Laboratory Press, 1989) . An alternative means 
to isolate the gene encoding Apo-2 is to use PCR methodology 
[Sambrook et al., supra ; Dieffenbach et al., PCR — Primer: A 
Laboratory Manual (Cold Spring Harbor Laboratory Press, 1995)]. 

A preferred method of screening employs selected 
oligonucleotide sequences to screen cDNA libraries from various 
human tissues. Example 1 below describes techniques for screening 
a cDNA library. The oligonucleotide sequences selected as probes 
should be of sufficient length and sufficiently unambiguous that 
false positives are minimized. The oligonucleotide is preferably 
labeled such that it can be detected upon hybridization to DNA in 
the library being screened. Methods of labeling are well known in 
the art, and include the use of radiolabels like "P- labeled ATP, 
biotinylation or enzyme labeling. Hybridization conditions, 
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inlcuding moderate stringency and high stringency, are provided in 
Sambrook et al., supra . 

Nucleic acid having all the protein coding sequence may 
be obtained by screening selected cDNA or genomic libraries using 
the deduced amino acid sequence disclosed herein for the first 
time, and, if necessary, using conventional primer extension 
procedures as described in Sambrook et al., supra , to detect 
precursors and processing intermediates of mRNA that may not have 
been reverse- transcribed into cDNA. 

Apo-2 variants can be prepared by introducing appropriate 
nucleotide changes into the Apo-2 DNA, or by synthesis of the 
desired Apo-2 polypeptide. Those skilled in the art will 
■appreciate that amino acid changes may alter post- translational 
processes of the Apo-2, such as changing the number or position of 
glycosylation sites or altering the membrane anchoring 
characteristics . 

Variations in the native full-length sequence Apo-2 or in 
various domains of the Apo-2 described herein, can be made, for 
example, using any of the techniques and guidelines for 
conservative and non-conservative mutations set forth, for 
instance, in U.S. Pat. No. 5,364,934. Variations may be a 
substitution, deletion or insertion of one or more codons encoding 
the Apo-2 that results in a change in the amino acid sequence of 
the Apo-2 as compared with the native sequence Apo-2. Optionally 
the variation is by substitution of at least one amino acid with 
any other amino acid in one or more of the domains of the Apo-2 
molecule. The variations can be made using methods known in the 
art such as oligonucleotide-mediated (site-directed) mutagenesis, 
alanine scanning, and PCR mutagenesis. Site-directed mutagenesis 
[Carter et al., Nucl. Acids Res. , 13:4331 (1986); Zoller et al . , 
Nucl. Acids Res. , 10:6487 (1987)], cassette mutagenesis [Wells et 
al., Gene , 34:315 (1985)], restriction selection mutagenesis [Wells 
et al., Philos. Trans. R. Soc. London SerA , 317:415 (1986)] or 
other known techniques can be performed on the cloned DNA to 
produce the Apo-2 variant DNA. 
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Scanning amino acid analysis can also be employed to 
identify one or more amino acids along a contiguous sequence which 
are involved in the interaction with a particular ligand or 
receptor. Among the preferred scanning amino acids are relatively 
small, neutral amino acids. Such amino acids include alanine, 
glycine, serine, and cysteine. Alanine is the preferred scanning 
amino acid among this group because it eliminates the side-chain 
beyond the beta-carbon and is less likely to alter the main-chain 
conformation of the variant. Alanine is also preferred because it 
is the most common amino acid. Further, it is frequently found in 
both buried and exposed positions [Creighton, The Proteins. (W.H. 
Freeman & Co., N.Y.); Chothia, J. Mol . Biol. . 150:1 (1976)]. If 
alanine substitution does not yield adequate amounts of variant, an 
isoteric amino acid can be used. 

Once selected Apo-2 variants are produced, they can be 
contacted with, for instance, Apo-2L, and the interaction, if any, 
can be determined. The interaction between the Apo-2 variant and 
Apo-2L can be measured by an in vitro assay, such as described in 
the Examples below. While any number of analytical measurments can 
be used to compare activities and properties between a native 
sequence Apo-2 and an Apo-2 variant, a convenient one for binding 
is the dissociation constant K d of the complex formed between the 
Apo-2 variant and Apo-2L as compared to the K,, for the native 
sequence Apo-2. ' Generally, a > 3-fold increase or decrease in K d 
per substituted residue indicates that the substituted residue (s) 
is active in the interaction of the native sequence Apo-2 with the 
Apo-2L. 

Optionally, representative sites in the Apo-2 sequence 
suitable for mutagenesis would include sites within the 
extracellular domain, and particularly, within one or both of the 
cysteine-rich domains. Such variations can be accomplished using 
the methods described above. 

2 . Insertion of Nucleic Acid into A Replicable Vector 
The nucleic acid (e.g., cDNA or genomic DNA) encoding 
Apo-2 may be inserted into a replicable vector for further cloning 



(amplification of the DNA) or for expression. Various vectors are 
publicly available. The vector components generally include, but 
are not limited to, one or more of the following: a signal 
sequence, an origin of replication, one or more marker genes, an 
5 enhancer element, a promoter, and a transcription termination 
sequence, each of which is described below. 

(i) Signal Sequence Component 
The Apo-2 may be produced recombinant ly not only 
directly, but also as a fusion polypeptide with a heterologous 

10 polypeptide, which may be a signal sequence or other polypeptide 
having a specific cleavage site at the N-terminus of the mature 
protein or polypeptide. In general, the signal sequence may be a 
component of the vector, or it may be a part of the Apo-2 DNA that 
is inserted into the vector. The heterologous signal sequence 

15 selected preferably is one that is recognized and processed (i.e., 
cleaved by a signal peptidase) by the host cell. The signal 
sequence may be a prokaryotic signal sequence selected, for 
example, from the group of the alkaline phosphatase, penicillinase, 
lpp, or heat-stable enterotoxin II leaders. For yeast secretion 

20 the signal sequence may be, e.g., the yeast invertase leader, alpha 
factor leader (including Saccharomyces and Kluyvero/nyces a-factor 
leaders, the latter described in U.S. Pat. No. 5,010,182), or acid 
phosphatase leader, the C. albicans glucoamylase leader (EP 362,179 
published 4 April 1990), or the signal described in WO 90/13646 

25 published 15 November 1990. In mammalian cell expression the 
native Apo-2 presequence that normally directs insertion of Apo-2 
in the cell membrane of human cells in vivo is satisfactory, 
although other mammalian signal sequences may be used to direct 
secretion of the protein, such as signal sequences from secreted 

30 polypeptides of the same or related species, as well as viral 
secretory leaders, for example, the herpes simplex glycoprotein D 
signal. 

The DNA for such precursor region is preferably ligated 
in reading frame to DNA encoding Apo-2. 

35 
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(ii) Origin of Replication Component 
Both, expression and cloning vectors contain a nucleic 
acid sequence that enables the vector to replicate in one or more 
selected host cells. Generally, in cloning vectors this sequence 
is one that enables the vector to replicate independently of the 
host chromosomal DNA, and includes origins of replication or 
autonomously replicating sequences. Such sequences are well known 
for a variety of bacteria, yeast, and viruses. The origin of 
replication from the plasmid pBR322 is suitable for most Gram- 
negative bacteria, the 2\l plasmid origin is suitable for yeast, and 
various viral origins (SV40, polyoma, adenovirus, VSV or BPV) are 
useful for cloning vectors in mammalian cells. Generally, the 
origin of replication component is not needed for mammalian 
expression vectors (the SV40 origin may typically be used because 
it contains the early promoter) . 

Most expression vectors are "shuttle" vectors, i.e., they 
.are capable of replication in at least one class of organisms but 
can be transfected into another organism for expression. For 
example, a vector is cloned in E. coli and then the same vector is 
transfected into yeast or mammalian cells for expression even 
though it is not capable of replicating independently of the host 

cell chromosome. 

DNA may also be amplified by insertion into the host 
genome. This is readily accomplished using Bacillus species as 
hosts, for example, by including in the vector a DNA sequence that 
is complementary to a sequence found in Bacillus genomic DNA. 
Transfection of Bacillus with this vector results in homologous 
recombination with the genome and insertion of Apo-2 DNA. However, 
the recovery of genomic DNA encoding Apo-2 is more complex than 
that of an exogenously replicated vector because restriction enzyme 
digestion is required to excise the Apo-2 DNA. 

(iii) Selection Gene Component 

Expression and cloning vectors typically contain a 
selection gene, also termed a selectable marker. This gene encodes 
a protein necessary for the survival or growth of transformed host 



cells grown in a selective culture medium. Host cells not 
transformed with the vector containing the selection gene will not 
survive in the culture medium. Typical selection genes encode 
proteins that (a) confer resistance to antibiotics or other toxins, 
5 e.g., ampicillin, neomycin, methotrexate, or tetracycline, (b) 
complement auxotrophic deficiencies, or (c) supply critical 
nutrients not available from complex media, e.g., the gene encoding 
D-alanine racemase for Bacilli. 

One example of a selection scheme utilizes a drug to 

10 arrest growth of a host cell. Those cells that are successfully 
transformed with a heterologous gene produce a protein conferring 
drug resistance and thus survive the selection regimen. Examples 
of such dominant selection use the drugs neomycin [Southern et al., 
J. Molec. AppI. Genet. , 1:327 (1982)], mycophenolic acid (Mulligan 

15 et al., Science , 209 :1422 (1980)] or hygromycin [Sugden et al., 
Hoi. Cell. Biol. , 5:410-413 (1985)]. The three examples given 
above employ bacterial genes under eukaryotic control to convey 
resistance to the appropriate drug G418 or neomycin (geneticin) , 
xgpt (mycophenolic acid) , or hygromycin, respectively. 

20 Another example of suitable selectable markers for 

mammalian cells are those that enable the identification of cells 
competent to take up the Apo-2 nucleic acid, such as DHFR or 
thymidine kinase. The mammalian cell transf ormants are placed 
under selection pressure that only the transformants are uniquely 

25 adapted to survive by virtue of having taken up the marker. 
Selection pressure is imposed by culturing the transformants under 
conditions in which the concentration of selection agent in the 
medium is successively changed, thereby leading to amplification of 
both the selection gene and the DNA that encodes Apo-2. 

30 Amplification is the process by which genes in greater demand for 
the production of a protein critical for growth are reiterated in 
tandem within the chromosomes of successive generations of 
recombinant cells. Increased quantities of Apo-2 are synthesized 
from the amplified DNA. Other examples of amplifiable genes 

35 include metallothionein-I and -II, adenosine deaminase, and 



10 



ornithine decarboxylase. 

Cells transformed with the DHFR selection gene may first 
be identified by culturing all of the transformants in a culture 
medium that contains methotrexate (Mtx) , a competitive antagonist 
of DHFR. An appropriate host cell when wild-type DHFR is employed 
is the Chinese hamster ovary (CHO) cell line deficient in DHFR 
activity, prepared and propagated as described by Urlaub et al., 
Proc. Natl- Acad. Sci. USA , 77:4216 (1980). The transformed cells 
are then exposed to increased levels of methotrexate. This leads 
to the synthesis of multiple copies of the DHFR gene, and, 
concomitantly, multiple copies of other DNA comprising the 
expression vectors, such as the DNA encoding Apo-2. This 
amplification technique can be used with any otherwise suitable 
host, e.g., ATCC No. CCL61 CHO-K1, notwithstanding the presence of 
15 endogenous DHFR if, for example, a mutant DHFR gene that is highly 
resistant to Mtx is employed (EP 117,060). 

Alternatively, host cells (particularly wild-type hosts 
that contain endogenous DHFR) transformed or co-transformed with 
DNA sequences encoding Apo-2, wild-type DHFR protein, and another 
selectable marker such as aminoglycoside 3 ' -phosphotransferase 
(APH) can be selected by cell growth in medium containing a 
selection agent for the selectable marker such as an 
aminoglycosidic antibiotic, e.g., kanamycin, neomycin, or G418. 
See U.S. Patent No. 4,965,199. 

A suitable selection gene for use in yeast is the trpl 
gene present in the yeast plasmid YRp7 [Stinchcomb et al., Nature , 
282:39 (1979); Kingsman et al., Gene, 7:141 (1979); Tschemper et 
al., Gene , 10:157 (1980)]. The trpl gene provides a selection 
marker for a mutant strain of yeast lacking the ability to grow in 
30 tryptophan, for example, ATCC No. 44076 or PEP4-1 [Jones, Genetics , 
85_:12 (1977)]. The presence of the trpl lesion in the yeast host 
cell genome then provides an effective environment for detecting 
transformation by growth in the absence of tryptophan. Similarly, 
Leu2 -deficient yeast strains (ATCC 20,622 or 38,626) are 
35 complemented by known plasmids bearing the Leu2 gene. 
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In addition, vectors derived from the 1.6 /zm circular 
plasmid pKDl can be used for transformation of Kluyveromyces yeasts 
(Bianchi et al., Cnrr. Genet. , 12:185 (1987)]. More recently, an 
expression system for large-scale production of recombinant calf 
5 chymosin was reported for K. lactis [Van den Berg, Bio/Technology, 
8:135 (1990)] . Stable multi-copy expression vectors for secretion 
of mature recombinant human serum albumin by industrial strains of 
Kluyveromyces have also been disclosed [Fleer et al . , 
Bio/Technology , 9:968-975 (1991)]. 

10 (iv) Promoter Component 

Expression and cloning vectors usually contain a promoter 
that is recognized by the host organism and is operably linked to 
the Apo-2 nucleic acid sequence. Promoters are untranslated 
sequences located upstream (5') to the start codon of a structural 

•15 gene (generally within about 100 to 1000 bp) that control the 
transcription and translation of particular nucleic acid sequence, 
such as the Apo-2 nucleic acid sequence, to which they are operably 
linked. Such promoters typically fall into two classes, inducible 
and constitutive. Inducible promoters are promoters that initiate 

20 increased levels of transcription from DNA under their control in 
response to. some change in culture conditions, e.g., the presence 
or absence of a nutrient or a change in temperature. At this time 
a large number of promoters recognized by a variety of potential 
host cells are well known. These promoters are operably linked to 

25 Apb-2 encoding DNA by removing the promoter from the source DNA by 
restriction enzyme digestion and inserting the isolated promoter 
sequence into the vector. Both the native Apo-2 promoter sequence 
and many heterologous promoters may be used to direct amplification 
and/or expression of the Apo-2 DNA. 

30 Promoters suitable for use with prokaryotic hosts include 

the ^-lactamase and lactose promoter systems (Chang et al., Nature , 
275:615 (1978); Goeddel et al . , Nature, 281:544 (1979)], alkaline 
phosphatase, a tryptophan (trp) promoter system [Goeddel, Nucleic 
Acids Res. . 8:4057 (1980) ; EP 36,776] , and hybrid promoters such as 

35 the tac promoter [deBoer et al., Proc. Natl. Acad. Sci. USA , 80:21- 
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25 (1983)] . However, other known bacterial promoters are suitable. 
Their nucleotide sequences have been published, thereby enabling a 
skilled worker operably to ligate them to DNA encoding Apo-2 
[Siebenlist et al., Cell , 20:269 (1980)] using linkers or adaptors 
5 to supply any required restriction sites. Promoters for use in 
bacterial systems also will contain a Shine -Dalgarno (S.D.) 
sequence operably linked to the DNA encoding Apo-2. 

Promoter sequences are known for eukaryotes. Virtually 
all eukaryotic genes have an AT-rich region located approximately 

10 25 to 30 bases upstream from the site where transcription is 
initiated. Another sequence found 70 to 80 bases upstream from the 
start of transcription of many genes is a CXCAAT region where X may 
be any nucleotide. At the 3' end of most eukaryotic genes is an 
AATAAA sequence that may be the signal for addition of the poly A 

15 tail to the 3' end of the coding sequence. All of these sequences 
are suitably inserted into eukaryotic expression vectors. 

Examples of suitable promoting sequences for use with 
yeast hosts include the promoters for 3 -phosphoglycerate kinase 
[Hitzeman et al., J. Biol. Chem. . 255:2073 (1980)] or other 

20 glycolytic enzymes [Hess et al., J. Adv. Enzvme Reg. , 7:149 (1968); 
Holland, Biochemistry , 3/7:4900 (1978)], such as enolase, 
glyceraldehyde- 3 -phosphate dehydrogenase, hexokinase, pyruvate 
decarboxylase, phosphof ructokinase, glucose-6-phosphate isomerase, 
3 -phosphoglycerate mutase, pyruvate kinase, triosephosphate 

25 isomerase, phosphoglucose isomerase, and glucokinase. 

Other yeast promoters, which are inducible promoters 
having the additional advantage of transcription controlled by 
growth conditions, are the promoter regions for alcohol 
dehydrogenase 2, isocytochrome C, acid phosphatase, degradative 

3 0 enzymes associated with nitrogen metabolism, metallothionein, 
glyceraldehyde -3 -phosphate dehydrogenase, and enzymes responsible 
for maltose and galactose utilization. Suitable vectors and 
promoters for use in yeast expression are further described in EP 
73,657. Yeast enhancers also are advantageously used with yeast 

3 5 promoters. 



Apo-2 transcription from vectors in mammalian host cells 
is controlled, for example, by promoters obtained from the genomes 
of viruses such as polyoma virus, fowlpox virus (UK 2,211,504 
published 5 July 1989) , adenovirus (such as Adenovirus 2) , bovine 
5 papilloma virus, avian sarcoma virus, cytomegalovirus, a 
retrovirus, hepatitis-B virus and most preferably Simian Virus 40 
(SV40) , from heterologous mammalian promoters, e.g., the actin 
promoter or an immunoglobulin promoter, from heat -shock promoters, 
and from the promoter normally associated with the Apo-2 sequence, 

10 provided such promoters are compatible with the host cell systems. 

The early and late promoters of the SV4 0 virus are 
conveniently obtained as an SV40 restriction fragment that also 
contains the SV40 viral origin of replication [Fiers et al., 
Nature, 273:113 (1978); Mulligan and Berg, Science , 209 : 1422-1427 

15 (1980); Pavlakis et al., Proc. Natl. Acad. Sci . USA , 78:7398-7402 
(1981)] . The immediate early promoter of the human cytomegalovirus 
is conveniently obtained as a Hindlll E restriction fragment 
[Greenaway et al . , Gene , 18:355-360 (1982)]. A system for 
expressing DNA in mammalian hosts using the bovine papilloma virus 

20 as a vector is disclosed in U.S. Patent No. 4,419,446. A 
modification of this system is described in U.S. Patent No. 
4,601,978 [See also Gray et al., Nature , 295:503-508 (1982) on 
expressing cDNA encoding immune interferon in monkey cells; Reyes 
et al., Nature, 297 :598-601 (1982) on expression of human (3- 

25 interferon cDNA in mouse cells under the control of a thymidine 
kinase promoter from herpes simplex virus; Canaani and Berg, Proc . 
Natl. Acad. Sci. USA 19:5166-5170 (1982) on expression of the human 
interferon 01 gene in cultured mouse and rabbit cells; and Gorman 
et al., Proc. Natl. Acad. Sci. USA , 79:6777-6781 (1982) on 

30 expression of bacterial CAT sequences in CV-1 monkey kidney cells, 
chicken embryo fibroblasts, Chinese hamster ovary cells, HeLa 
cells, and mouse NIH-3T3 cells using the Rous sarcoma virus long 
terminal repeat as a promoter] . 

(v) Enhancer Element Component 

35 Transcription of a DNA encoding the Apo-2 of this 



invention by higher eukaryotes may be increased by inserting an 
enhancer sequence into the vector. Enhancers are cis-acting 
elements of DNA, usually about from 10 to 300 bp, that act on a 
promoter to increase its transcription. Enhancers are relatively 
5 orientation and position independent, having been found 5' [Laimins 
et al., Proc. Natl. Acad. Sci. USA , 78:993 (1981]) and 3' [Lusky et 
al., Mol . Cell Bio. , 2:1108 (1983]) to the transcription unit, 
within an intron [Banerji et al., Cell , 32:729 (1983)], as well as 
within the coding sequence itself [Osborne et al., Mol . Cell Bio . . 

10 1:1293 (1984)]. Many enhancer sequences are now known from 
mammalian genes (globin, elastase, albumin, of-f etoprotein, and 
insulin) . Typically, however, one will use an enhancer from a 
eukaryotic cell virus. Examples include the SV40 enhancer on the 
late side of the replication origin (bp 100-270) , the 

15 cytomegalovirus early promoter enhancer, the polyoma enhancer on 
the late side of the replication origin, and adenovirus enhancers. 
.See also Yaniv, Nature, 297 : 17-18 (1982) on enhancing elements for 
activation of eukaryotic promoters. The enhancer may be spliced 
into the vector at a position 5' or 3 ' to the Apo-2 coding 

20 sequence, but is preferably located at a site 5' from the promoter. 

(vi) Transcription Termination Component 
Expression vectors used in eukaryotic host cells (yeast, 

fungi, insect, plant, animal, human, or nucleated cells from other 
multicellular organisms) will also contain sequences necessary for 

25 the termination of transcription and for stabilizing the mRNA. 
Such sequences are commonly available from the 5' and, occasionally 
3', untranslated regions of eukaryotic or viral DNAs or cDNAs . 
These regions contain nucleotide segments transcribed as 
polyadenylated fragments in the untranslated portion of the mRNA 

30 encoding Apo-2. 

(vii) Construction and Analysis of Vectors 
Construction of suitable vectors containing one or more 

of the above-listed components employs standard ligation 
techniques. Isolated plasmids or DNA fragments are cleaved, 
35 tailored, and re-ligated in the form desired to generate the 
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plasmids required. 

For analysis to confirm correct sequences in plasmids 
constructed, the ligation mixtures can be used to transform E. coli 
K12 strain 294 (ATCC 31,446) and successful transf ormants selected 
by ampicillin or tetracycline resistance where appropriate. 
Plasmids from the transformants are prepared, analyzed by 
restriction endonuclease digestion, and/or sequenced by the method 
of Messing et al., Nucleic Acids Res. , 9:309 (1981) or by the 
method of Maxam et al., Methods in Enzymoloov . 65:499 (1980). 

(viii) Transient Expression Vectors 

Expression vectors that provide for the transient 
expression in mammalian cells of DNA encoding Apo-2 may be 
employed. In general, transient expression involves the use of an 
expression vector that is able to replicate efficiently in a host 
cell, such that the host cell accumulates many copies of the 
expression vector and, in turn, synthesizes high levels of a 
desired polypeptide encoded by the expression vector [Sambrook et 
al., supra). Transient expression systems, comprising a suitable 
expression vector and a host cell, allow for the convenient 
positive identification of polypeptides encoded by cloned DNAs, as 
well as for the rapid screening of such polypeptides for desired 
biological or physiological properties. Thus, transient expression 
systems are particularly useful in the invention for purposes of 
identifying Apo-2 variants. 

(ix) Suitable Exemplary Verte brate Cell Vectors 
Other methods, vectors, and host cells suitable for 

adaptation to the synthesis of Apo-2 in recombinant vertebrate cell 
culture are described in Gething et al., Nature, 293: 620-625 
(1981); Mantei et al., Nature , 281:40-46 (1979); EP 117,060; and EP 
117,058. 

3 . Selection and Transformation of Host Cells 
Suitable host cells for cloning or expressing the DNA in 
the vectors herein are the prokaryote, yeast, or higher eukaryote 
cells described above. Suitable prokaryotes for this purpose 
include but are not limited to eubacteria, such as Gram-negative or 



Gram-positive organisms, for example, Enterobacteriaceae such as 
Escherichia, e.g., E. coli, Enterobacter , Erwinia, Klebsiella, 
Proteus, Salmonella, e.g., Salmonella typhimurium, Serratia, e.g., 
Serratia marcescans, and Shigella, as well as Bacilli such as B. 
suJbtilis and B. licheniformis {e.g., B. licheniformis 41P disclosed 
in DD 266,710 published 12 April 1989), Pseudomonas such as P. 
aeruginosa, and Streptomyces . Preferably, the host cell should 
secrete minimal amounts of proteolytic enzymes. 

In addition to prokaryotes, eukaryotic microbes such as 
filamentous fungi or yeast are suitable cloning or expression hosts 
for Apo- 2 -encoding vectors. Saccharomyces cerevisiae, or common 
baker's yeast, is the most commonly used among lower eukaryotic 
host microorganisms. However, a number of other genera, species, 
and strains are commonly available and useful herein. 

Suitable host cells for the expression of glycosylated 
Apo-2 are derived from multicellular organisms. Such host cells 
are capable of complex processing and glycosylation activities. In 
principle, any higher eukaryotic cell culture is workable, whether 
from vertebrate or invertebrate culture. Examples of invertebrate 
cells include plant and insect cells. Numerous baculoviral strains 
and variants and corresponding permissive insect host cells from 
hosts such as Spodoptera frugiperda (caterpillar) , Aedes aegypti 
(mosquito), Aedes albopictus (mosquito), Drosophila melanogaster 
(fruitfly), and Bombyx mori have been identified [See, e.g., Luckow 
et al., Bio/Technoloav , 6:47-55 (1988); Miller et al . , in Genetic 
Engineering , Setlow et al., eds., Vol. 8 (Plenum Publishing, 1986), 
pp. 277-279; and Maeda et al . , Nature, 315:592-594 (1985)]. A 
variety of viral strains for transfection are publicly available, 
e.g., the L-l variant of Autogrrapha californica NPV and the Bm-5 
strain of Bombyx mori NPV. 

Plant cell cultures of cotton, corn, potato, soybean, 
petunia, tomato, and tobacco can be utilized as hosts. Typically, 
plant. cells are transfected by incubation with certain strains of 
the bacterium AgroJbacterium tumefaciens. During incubation of the 
plant cell culture with A. tumefaciens, the DNA encoding the Apo-2 



can be transferred to the plant cell host such that it is 
transf ected, and will, under appropriate conditions, express the 
Apo- 2 -encoding DNA. In addition, regulatory and signal sequences 
compatible with plant cells are available, such as the nopaline 
synthase promoter and polyadenylation signal sequences [Depicker et 
al., J. Mol . AddI . Gen. . 1:561 (1982)]. In addition, DNA segments 
isolated from the upstream region of the T-DNA 780 gene are capable 
of activating or increasing transcription levels of plant- 
expressible genes in recombinant DNA-containing plant tissue [EP 
321,196 published 21 June 1989]. 

Propagation of vertebrate cells in culture (tissue 
culture) is also well known in the art [See, e.g., Tissue Culture, 
Academic Press, Kruse and Patterson, editors (1973)] . Examples of 
useful mammalian host cell lines are monkey kidney CVl line 
transformed by SV40 (COS-7, ATCC CRL 1651); human embryonic kidney 
line (293 or 293 cells subcloned for growth in suspension culture, 
Graham et al., J. Gen Virol. , 36:59 (1977)); baby hamster kidney 
cells (BHK, ATCC CCL 10) ; Chinese hamster ovary cells/-DHFR (CHO, 
Urlaub and Chasin, Proc. Natl. Acad. Sci. USA , 77:4216 (1980)); 

mouse Sertoli cells (TM4, Mather, Biol. Reprod . , 21:243-251 

(1980)); monkey kidney cells (CVl ATCC CCL 70); African green 
monkey kidney cells (VERO-76, ATCC CRL- 1587 ) ; human cervical 
carcinoma cells (HELA, ATCC CCL 2) ; canine kidney cells (MDCK, ATCC 
CCL 34); buffalo rat liver cells (BRL 3A, ATCC CRL 1442); human 
lung cells (W138, ATCC CCL 75); human liver cells (Hep G2, HB 
8065); mouse mammary tumor (MMT 060562, ATCC CCL51) ; TRI cells 
(Mather et al., Annals N.Y- Acad. Sci. , 383:44-68 (1982)); MRC 5 

cells; and FS4 cells. 

Host cells are transfected and preferably transformed 
with the above -de scribed expression or cloning vectors for Apo-2 
production and cultured in conventional nutrient media modified as 
appropriate for inducing promoters, selecting transformants, or 
amplifying the genes encoding the desired sequences. 

Transfection refers to the taking up of an expression 
vector by a host cell whether or not any coding sequences are in 



fact expressed. Numerous methods of transfection are known to the 
ordinarily skilled artisan, for example, CaP0 4 and electroporation . 
Successful transfection is generally recognized when any indication 
of the operation of this vector occurs within the host cell. 
5 Transformation means introducing DNA into an organism so 

that the DNA is replicable, either as an extrachromosomal element 
or by chromosomal integrant. Depending on the host cell used, 
transformation is done using standard techniques appropriate to 
such cells. The calcium treatment employing calcium chloride, as 

10 described in Sambrook et al., supra , or electroporation is 
generally used for prokaryotes or other cells that contain 
substantial cell-wall barriers. Infection with Agrobac ter ium 
' tumefaciens is used for transformation of certain plant cells, as 
described by Shaw et al . , Gene , 23:315 (1983) and WO 89/05859 

15 published 29 June 1989. In addition, plants may be transfected 
using ultrasound treatment as described in WO 91/00358 published 10 
January 19 91. 

For mammalian cells without such cell walls, the calcium 
phosphate precipitation method of Graham and van der Eb, Virology , 

20 52:456-457 (1978) is preferred. General aspects of mammalian cell 
host system transformations have been described in U.S. Pat. No. 
4,399,216. Transformations into yeast are typically carried out 
according to the method of Van Solingen et al., J. Bact . , 130 : 946 
(1977) and Hsiao et al., Proc. Natl. Acad. Sci. (USA) , 76:3829 

25 (1979) . However, other methods for introducing DNA into cells, 
such as by nuclear microinjection, electroporation, bacterial 
protoplast fusion with intact cells, or polycations, e.g., 
polybrene, polyornithine, may also be used. For various techniques 
for transforming mammalian cells, see Keown et al., Methods in 

30 Enzvmoloav , 185:527-537 (1990) and Mansour et al., Nature, 336 :348- 
352 (1988) . 

4 . Culturina the Host Cells 

Prokaryotic cells used to produce Apo-2 may be cultured 
in suitable media as described generally in Sambrook et al., supra . 
35 The mammalian host cells used to produce Apo-2 may be 

-32- 



cultured in a variety of media. Examples of commercially available 
media include Ham's F10 (Sigma), Minimal Essential Medium ("MEM", 
Sigma), RPMI-1640 (Sigma), and Dulbecco's Modified Eagle's Medium 
("DMEM" , Sigma) . Any such media may be supplemented as necessary 
5 with hormones and/or other growth factors (such as insulin, 
transferrin, or epidermal growth factor) , salts (such as sodium 
chloride, calcium, magnesium, and phosphate), buffers (such as 
HEPES) , nucleosides (such as adenosine and thymidine) , antibiotics 
(such as Gentamycin™ drug) , trace elements (defined as inorganic 

10 compounds usually present at final concentrations in the micromolar 
range), and glucose or an equivalent energy source. Any other 
necessary supplements may also be included at appropriate 
concentrations that would be known to those skilled in the art. 
The culture conditions, such as temperature, pH, and the like, are 

15 those previously used with the host cell selected for expression, 
and will be apparent to the ordinarily skilled artisan. 

In general, principles, protocols, and practical 
techniques for maximizing the productivity of mammalian cell 
cultures can be found in Mammalian Cell Biotechnology: a Practical 

20 Approach , M. Butler, ed. (IRL Press, 1991) . 

The host cells referred to in this disclosure encompass 
cells in culture as well as cells that are within a host animal. 
5 . Detecting Gene Amplification/Expression 
Gene amplification and/or expression may be measured in 

25 a sample directly, for example, by conventional Southern blotting, 
Northern blotting to quant itate the transcription of mRNA [Thomas, 
Proc. Natl. Acad. Sci. USA , 77:5201-5205 (1980)], dot blotting (DNA 
analysis) , or in situ hybridization, using an appropriately labeled 
probe, based on the sequences provided herein. Various labels may 

30 be employed, most commonly radioisotopes, and particularly 32 P. 
However, other techniques may also be employed, such as using 
biotin-modif ied nucleotides for introduction into a polynucleotide. 
The biotin then serves as the site for binding to avidin or 
antibodies, which may be labeled with a wide variety of labels, 

35 such as radionucleotides, fluorescers or enzymes. Alternatively, 




antibodies may be employed that can recognize specific duplexes, 
including DNA duplexes, RNA duplexes, and DNA-RNA hybrid duplexes 
or DNA-protein duplexes. The antibodies in turn may be labeled and 
the assay may be carried out where the duplex is bound to a 
5 surface, so that upon the formation of duplex on the surface, the 
presence of antibody bound to the duplex can be detected. 

Gene expression, alternatively, may be measured by 
immunological methods, such as immunohistochemical staining of 
cells or tissue sections and assay of cell culture or body fluids, 

10 to quantitate directly the expression of gene product. With 
immunohistochemical staining techniques, a cell sample is prepared, 
typically by dehydration and fixation, followed by reaction with 
labeled antibodies specific for the gene product coupled, where the 
labels are usually visually detectable, such as enzymatic labels, 

15 fluorescent labels, or luminescent labels. 

Antibodies useful for immunohistochemical staining and/or 
assay of sample fluids may be either monoclonal or polyclonal, and 
may be prepared in any mammal. Conveniently, the antibodies may be 
prepared against a native sequence Apo-2 polypeptide or against a 

20 synthetic peptide based on the DNA sequences provided herein or 
against exogenous sequence fused to Apo-2 DNA and encoding a 
specific antibody epitope. 

6 . Purification of Apo-2 Polypeptide 

Forms of Apo-2 may be recovered from culture medium or 
25 from host cell lysates. If the Apo-2 is membrane -bound, it can be 
released from the membrane using a suitable detergent solution 
(e.g. Triton-X 100) or its extracellular domain may be released by 
enzymatic cleavage. 

When Apo-2 is produced in a recombinant cell other than 
'30 one of human origin, the Apo-2 is free of proteins or polypeptides 
of human origin. However, it may be desired to purify Apo-2 from 
recombinant cell proteins or polypeptides to obtain preparations 
that are substantially homogeneous as to Apo-2. As a first step, 
the culture medium or lysate may be centrifuged to remove 
35 particulate cell debris. Apo-2 thereafter is purified from 
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contaminant soluble proteins and polypeptides, with the following 
procedures being exemplary of suitable purification procedures: by 
fractionation on an ion-exchange column; ethanol precipitation; 
reverse phase HPLC; chromatography on silica or on a cation- 
5 exchange resin such as DEAE; chromatof ocusing; SDS-PAGE; ammonium 
sulfate precipitation; gel filtration using, for example, Sephadex 
G-75; and protein A Sepharose columns to remove contaminants such 
as IgG. 

Apo-2 variants in which residues have been deleted, 

10 inserted, or substituted can be recovered in the same fashion as 
native sequence Apo-2, taking account of changes in properties 
occasioned by the variation. For example, preparation of an Apo-2 
fusion with another protein or polypeptide, e.g., a bacterial or 
viral antigen, immunoglobulin sequence, or receptor sequence, may 

15 facilitate purification; an immunoaf f inity column containing 
antibody to the sequence can be used to adsorb the fusion 
polypeptide. Other types of affinity matrices also can be used. 

A protease inhibitor such as phenyl methyl sulfonyl 
fluoride (PMSF) also may be useful to inhibit proteolytic 

20 degradation during purification, and antibiotics may be included to 
prevent the growth of adventitious contaminants. One skilled in 
the art will appreciate that purification methods suitable for 
native sequence Apo-2 may require modification to account for 
changes in the character of Apo-2 or its variants upon expression 

25 in recombinant cell culture. 

7 . Covalent Modifications of Apo- 2 Polypeptides 

Covalent modifications of Apo-2 are included within the 
scope of this invention. One type of covalent modification of the 
Apo-2 is introduced into the molecule by reacting targeted amino 

30 acid residues of the Apo-2 with an organic derivatizing agent that 
is capable of reacting with selected side chains or the N- or C- 
terminal residues of the Apo-2. 

Derivatization with bifunctional agents is useful for 
crosslinking Apo-2 to a water- insoluble support matrix or surface 

35 for use in the method for purifying anti-Apo-2 antibodies, and 



vice-versa. Derivatization with one or more bifunctional agents 
will also be useful for crosslinking Apo-2 molecules to generate 
Apo-2 dimers. Such dimers may increase binding avidity and extend 
half -life of the molecule in vivo. Commonly used crosslinking 
agents include, e.g. t 1, 1-bis (diazoacetyl) -2-phenylethane, 
glutaraldehyde, N-hydroxysuccinimide esters, for example, esters 
with 4-azidosalicylic acid, homobif unctional imidoesters, including 
disuccinimidyl esters such as 3 , 3 ' -dithiobis (succinimidyl- 
propionate) , and bifunctional maleimides such as bis-N-maleimido- 
1,8-octane. Derivatizing agents such as methyl-3- [ (p-azidophenyl) - 
dithio]propioimidate yield photoactivatable intermediates that are 
capable of forming crosslinks in the presence of light. 
Alternatively, reactive water- insoluble matrices such as cyanogen 
bromide-activated carbohydrates and the reactive substrates 
described in U.S. Patent Nos . 3,969,287; 3,691,016; 4,195,128; 
4,247,642; 4,229,537; and 4,330,440 are employed for protein 
immobilization. 

Other modifications include deamidation of glutaminyl and 
asparaginyl residues to the corresponding glutamyl and aspartyl 
residues, respectively, hydroxylation of proline and lysine, 
phosphorylation of hydroxyl groups of seryl or threonyl residues, 
methylation of the a-amino groups of lysine, arginine, and 

histidine side chains [T.E. Creighton, Proteins: Structure and 

Molecular Properties . W.H. Freeman & Co., San Francisco, pp. 79-86 
(1983)], acetylation of the N-terminal amine, and amidation of any 
C- terminal carboxyl group. The modified forms of the residues fall 
within the scope of the present invention. 

Another type of covalent modification of the Apo-2 
polypeptide included within the scope of this invention comprises 
altering the native glycosylation pattern of the polypeptide. 
"Altering the native glycosylation pattern" is intended for 
purposes herein to mean deleting one or more carbohydrate moieties 
found in native sequence Apo-2, and/or adding one or more 
glycosylation sites that are not present in the native sequence 
Apo-2 . 
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Glycosylation of polypeptides is typically either N- 
linked or O-linked. N-linked refers to the attachment of the 
carbohydrate moiety to the side chain of an asparagine residue. 
The tripeptide sequences asparagine-X-serine and asparagine-X- 
5 threonine, where X is any amino acid except proline, are the 
recognition sequences for enzymatic attachment of the carbohydrate 
moiety to the asparagine side chain. Thus, the presence of either 
of these tripeptide sequences in a polypeptide creates a potential 
glycosylation site. O-linked glycosylation refers to the 

10 attachment of one of the sugars N-aceylgalactosamine, galactose, or 
xylose to a hydroxylamino acid, most commonly serine or threonine, 
although 5-hydroxyproline or 5 -hydroxy lysine may alsp be used. 

Addition of glycosylation sites to the Apo-2 polypeptide 
may be accomplished by altering the amino acid sequence such that 

15 it contains one or more of the above-described tripeptide sequences 
(for N-linked glycosylation sites) . The alteration may also be 
made by the addition of, or substitution by, one or more serine or 
threonine residues to the native sequence Apo-2 (for O-linked 
glycosylation sites) . The Apo-2 amino acid sequence may optionally 

20 be altered through changes at the DNA level, particularly by 
mutating the DNA encoding the Apo-2 polypeptide at preselected 
bases such that codons are generated that will translate into the 
desired amino acids. The DNA mutation (s) may be made using methods 
described above and in U.S. Pat. No. 5,364,934, supra . I 

25 Another means of increasing the number of carbohydrate j 

moieties on the Apo-2 polypeptide is by chemical or enzymatic 
coupling of glycosides to the polypeptide. Depending on the 
coupling mode used, the sugar (s) may be attached to (a) arginine 
and hist idine, (b) free carboxyl groups, (c) free sulfhydryl groups 

30 such as those of cysteine', (d) free hydroxyl groups such as those j 
of serine, threonine, or hydroxyproline, (e) aromatic residues such j 
as those of phenylalanine, tyrosine, or tryptophan, or (f) the 
amide group of glutamine. These methods are described in WO 
87/05330 published 11 September 1987, and in Aplin and Wriston, CRC ! 

35 Crit. Rev. Biochetn. , pp. 259-306 (1981) . 
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Removal of carbohydrate moieties present on the Apo-2 
polypeptide may be accomplished chemically or enzymatically or by 
mutational substitution of codons encoding for amino acid residues 
that serve as targets for glycosylation. For instance, chemical 
deglycosylation by exposing the polypeptide to the compound 
trif luoromethanesulfonic acid, or an equivalent compound can result 
in the cleavage of most or all sugars except the linking sugar (N- 
acetylglucosamine or N-acetylgalactosamine) , while leaving the 
polypeptide intact. Chemical deglycosylation is described by 
Hakimuddin, et al., Arch. Biochem. Biophvs. , 259:52 (1987) and by 
Edge et al., Anal. Biochem. , 118:131 (1981). Enzymatic cleavage of 
carbohydrate moieties on polypeptides can be achieved by the use of 
a variety of endo- and exo-glycosidases as described by Thotakufa 
et al., Meth. Enzvmol . , 138 :350 (1987). 

Glycosylation at potential glycosylation sites may be 
prevented by the use of the compound tunicamycin as described by 
Duskin et al., J. Biol . Chem. , 257 :3105 (1982) . Tunicamycin blocks 
the formation of protein-N-glycoside linkages. 

Another type of covalent modification of Apo-2 comprises 
linking the Apo-2 polypeptide to one of a variety of 
nonproteinaceous polymers, e.g., polyethylene glycol, polypropylene 
glycol, or polyoxyalkylenes, in the manner set forth in U.S. Patent 
NOS. 4,640,835; 4,496,689; 4,301,144; 4,670,417; 4,791,192 or 
4,179,337. 

8 . Apo-2 Chimeras 

The present invention also provides chimeric molecules 
comprising Apo-2 fused to another, heterologous polypeptide or 
amino acid sequence. 

In one embodiment, the chimeric molecule comprises a 
fusion of the Apo-2 with a tag polypeptide which provides an 
epitope to which an anti-tag antibody can selectively bind. The 
epitope tag is generally placed at the amino- or carboxyl- terminus 
of the Apo-2. The presence of such epitope-tagged forms of the 
Apo-2 can be detected using an antibody against the tag 
polypeptide. Also, provision of the epitope tag enables the Apo-2 
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to be readily purified by affinity purification using an anti-tag 
antibody or another type of affinity matrix that binds to the 
epitope tag. 

Various tag polypeptides and their respective antibodies 
5 are well known in the art. Examples include the flu HA tag 
polypeptide and its antibody 12CA5 [Field et al., Mol . Cell. Biol . . 
8:2159-2165 (1988)]; the c-myc tag and the 8F9, 3C7, 6E10, G4 , B7 
and 9E10 antibodies thereto [Evan et al.. Molecular and Cellular 
Biology , .5:3610-3616 (1985)]; and the Herpes Simplex virus 

10 glycoprotein D (gD) tag and its antibody [Paborsky et al., Protein 
Engineering , 3(6):547-553 (1990)]. Other tag polypeptides include 
the Flag-peptide [Hopp et al., BioTechnology , 6:1204-1210 (1988)]; 
the KT3 epitope peptide [Martin et al., Science , 2J55: 192-194 
(1992)]; an a-tubulin epitope peptide [Skinner et al . , J. Biol. 

15 Chem . , 266 : 15163-15166 (1991)]; and the T7 gene 10 protein peptide 
tag [Lutz-Freyermuth et al . , Proc. Natl. Acad. Sci. USA , 87:63 93- 
6397 (1990)]. Once the tag polypeptide has been selected, an 
antibody thereto can be generated using the techniques disclosed 
herein. 

20 Generally, epitope -tagged Apo-2 may be constructed and 

produced according to the methods described above. Epitope- tagged 
Apo-2 is also described in the Examples below. Apo-2-tag 
polypeptide fusions are preferably constructed by fusing the cDNA 
sequence encoding the Apo-2 portion in- frame to the tag polypeptide 

25 DNA sequence and expressing the resultant DNA fusion construct in 
appropriate host cells. Ordinarily, when preparing the Apo-2-tag 
polypeptide chimeras of the present invention, nucleic acid 
encoding the Apo-2 will be fused at its 3' end to nucleic acid 
encoding the N- terminus of the tag polypeptide, however 5' fusions 

30 are also possible. For example, a polyhistidine sequence of about 
5 to about 10 histidine residues may be fused at the N- terminus or 
the C- terminus and used as a purification handle in affinity 
chromatography . 

Epitope-tagged Apo-2 can be purified by affinity 

35 chromatography using the anti-tag antibody. The matrix to which 



the affinity antibody is attached may include, for instance, 
agarose, controlled pore glass or poly (styrenedivinyl) benzene. .The 
epitope -tagged Apo-2 can then be eluted from the affinity column 
using techniques known in the art. 

In another embodiment, the chimeric molecule comprises an 
Apo-2 polypeptide fused to an immunoglobulin sequence. The 
chimeric molecule may also comprise a particular domain sequence of 
Apo-2, such as the extracellular domain sequence of native Apo-2 
fused to an immunoglobulin sequence. This includes chimeras in 
monomeric, homo- or heteromultimeric, and particularly homo- or 
heterodimeric, or -tetrameric forms; optionally, the chimeras may 
be in dimeric forms or homodimeric heavy chain forms. Generally, 
these assembled immunoglobulins will have known unit structures as 
represented by the following diagrams. 
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A basic four chain structural unit is the form in which 
IgG, IgD, and IgE exist. A four chain unit is repeated in the 

4 0 higher molecular weight immunoglobulins; IgM generally exists as a 
pentamer of basic four-chain units held together by disulfide 
bonds. IgA globulin, and occasionally IgG globulin, may also exist 
in a multimeric form in serum. In the case of multimers, each four 
chain unit may be the same or different. 

45 The following diagrams depict some exemplary monomer, 

homo- and heterodimer and homo- and heteromultimer structures . 
These diagrams are merely illustrative, and the chains of the 
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multimers are believed to be disulfide bonded in the same fashion 
as native immunoglobulins. 
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In the foregoing diagrams, "A" means an Apo-2 sequence or 
an Apo-2 sequence fused to a heterologous sequence; X is an 
50 additional agent, which may be the same as A or different, a 
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portion of an immunoglobulin superfamily member such as a variable 
region or a variable region- like domain, including a native or 
chimeric immunoglobulin variable region, a toxin such a pseudomonas 
exotoxin or ricin, or a sequence functionally binding to another 
protein, such as other cytokines (i.e., IL-1, interf eron-y) or cell 
surface molecules (i.e., NGFR, CD40, OX40, Fas antigen, T2 proteins 
of Shope and myxoma poxviruses) , or a polypeptide therapeutic agent 
not otherwise normally associated with a constant domain; Y is a 
linker or another receptor sequence; and V L , V H , C L and C H represent 
light or heavy chain variable or constant domains of an 
immunoglobulin. Structures comprising at least one CRD of an Apo-2 
sequence as "A" and another cell-surface protein having a 
repetitive pattern of CRDs (such as TNFR) as "X" are specifically 
included . 

It will be understood that the above diagrams are merely 
exemplary of the possible structures of the chimeras of the present 
.invention, and do not encompass all possibilities. For example, 
there might desirably be several different "A-s, "X"s, or "Y"s in 
any of these constructs. Also, the heavy or light chain constant 
domains may be originated from the same or different 
immunoglobulins. All possible permutations of the illustrated and 
similar structures are all within the scope of the invention 
herein. 

In general, the chimeric molecules can be constructed in 
a fashion similar to chimeric antibodies in which a variable domain 
from an antibody of one species is substituted for the variable 
domain of another species. See, for example, EP 0 125 023; EP 
173,494; Munro, Nature, 312:597 (13 December 1984); Neuberger et 
al., Nature , 312:604-608 (13 December 1984); Sharon et al . , Nature, 
309.:364-367 (24 May 1984); Morrison et al., Proc. Nat'l. Acad. Sci. 
USA , 81:6851-6855 (1984); Morrison et al . , Science, 229:1202-1207 
(1985); Boulianne et al . , Nature, 312:643-646 (13 December 1984); 
Capon et al., Nature , 337:525-531 (1989); Traunecker et al., 
Nature, 329:68-70 (1989). 

Alternatively, the chimeric molecules may be constructed 



as follows- The DNA including a region encoding the desired 
sequence, such as an Apo-2 and/or TNFR sequence, is cleaved by a 
restriction enzyme at or proximal to the 3' end of the DNA encoding 
the immunoglobulin- like domain (s) and at a point at or near the DNA 
5 encoding the N-terminal end of the Apo-2 or TNFR polypeptide (where 
use of a different leader is contemplated) or at or proximal to the 
N-terminal coding region for TNFR (where the native signal is 
employed) . This DNA fragment then is readily inserted proximal to 
DNA encoding an immunoglobulin light or heavy chain constant region 

10 and, if necessary, the resulting construct tailored by deletional 
mutagenesis. Preferably, the Ig is a human immunoglobulin when the 
chimeric molecule is intended for in vivo therapy for humans. DNA 
encoding immunoglobulin light or heavy chain constant regions is 
known or readily available from cDNA libraries or is synthesized. 

15 See for example, Adams et al., Biochemistry , 19:2711-2719 (1980); 
Gough et al., Biochemistry , 19:2702-2710 (1980); Dolby et al., 
Proc. Natl. Acad. Sci.. USA , 77:6027-6031 (1980); Rice et al., 
Proc. Natl. Acad. Sci. , 79:7862-7865 (1982); Falkner et al., 
Nature , 298 :286-288 (1982); and Morrison et al . , Ann. Rev. 

20 Immunol . , 2:239-256 (1984). 

Further details of how to prepare such fusions are found 
in publications concerning the preparation of immunoadhesins . 
Immunoadhesins in general, and CD4-Ig fusion molecules specifically 
are disclosed in WO 89/02922, published 6 April 1989). Molecules 

25 comprising the extracellular portion of CD4, the receptor for human 
immunodeficiency virus (HIV) , linked to IgG heavy chain constant 
region are known in the art and have been found to have a markedly 
longer half -life and lower clearance than the soluble extracellular 
portion of CD4 [Capon et al., supra ; Byrn et al.. Nature, 344:667 

30 (1990)] . The construction of specific chimeric TNFR- IgG molecules 
is also described in Ashkenazi et al. Proc. Na tl. Acad. — Sci . , 

88:10535-10539 (1991); Lesslauer et al. fJ. Cell. Biochem, 

Supplement 15F , 1991, p. 115 (P 432)]; and Peppel and Beutler, 
Cell. Biochem. Supplement 15F . 1991, p. 118 (P 439)]. 

35 
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B . Therapeutic and Non- therapeutic Uses for Apo-2 

Apo-2, as disclosed in the present specification, can be 
employed therapeutically to induce apoptosis in mammalian cells. 
This therapy can be accomplished for instance, using in vivo or ex 
vivo gene therapy techniques and includes the use of the death 
domain sequences disclosed herein. The Apo-2 chimeric molecules 
(including the chimeric molecules containing the extracellular 
domain sequence of Apo-2) comprising immunoglobulin sequences can 
also be employed therapeutically to inhibit apoptosis or NF-kB 
induction by Apo-2L or by another ligand that Apo-2 binds to. 

The Apo-2 of the invention also has utility in non- 
therapeutic applications. Nucleic acid sequences encoding the Apo- 
2 may be used as a diagnostic for tissue-specific typing. For 
example, procedures like in situ hybridization, Northern and 
Southern blotting, and PCR analysis may be used to determine 
whether DNA and/or RNA encoding Apo r 2 is present in the cell 
type(s) being evaluated. Apo-2 nucleic acid will also be useful 
for the preparation of Apo-2 by the recombinant techniques 

described herein. 

The isolated Apo-2 may be used in quantitative diagnostic 
assays as a control against which samples containing unknown 
quantities of Apo-2 may be prepared. Apo-2 preparations are also 
useful in generating antibodies, as standards in assays for Apo-2 
(e.g., by labeling Apo-2 for use as a standard in a 
radioimmunoassay, radioreceptor assay, or enzyme- linked 
immunoassay), in affinity purification techniques, and in 
competitive -type receptor binding assays when labeled with, for 
instance, radioiodine, enzymes, or f luorophores . 

Modified forms of the Apo-2, such as the Apo-2 -IgG 
chimeric molecules (immunoadhesins) described above, can be used as 
immunogens in producing anti-Apo-2 antibodies. 

Nucleic acids which encode Apo-2 or its modified forms 
can also be used to generate either transgenic animals or "knock 
out" animals which, in turn, are useful in the development and 
screening of therapeutically useful reagents. A transgenic animal 



(e.g., a mouse or rat) is an animal having cells that contain a 
transgene, which transgene was introduced into the animal or an 
ancestor of the animal at a prenatal, e.g., an embryonic stage. A 
transgene is a DNA which is integrated into the genome of a cell 
from which a transgenic animal develops. In one embodiment, cDNA 
encoding Apo-2 or an appropriate sequence thereof (such as Apo-2 - 
IgG) can be used to clone genomic DNA encoding Apo-2 in accordance 
with established techniques and the genomic sequences used to 
generate transgenic animals that contain cells which express DNA 
encoding Apo-2. Methods for generating transgenic animals, 
particularly animals such as mice or rats, have become conventional 
in the art and are described, for example, in U.S. Patent Nos . 
4,736,856 and 4,870,009. Typically, particular cells would be 
targeted for Apo-2 transgene incorporation with tissue-specific 
enhancers. Transgenic animals that include a copy of a transgene 
encoding Apo-2 introduced into the germ line of the animal at an 
embryonic stage can be used to examine the effect of increased 
expression of DNA encoding Apo-2. Such animals can be used as 
tester animals for reagents thought to confer protection from, for 
example, pathological conditions associated with excessive 
apoptosis. In accordance with this facet of the invention, an 
animal is treated with the reagent and a reduced incidence of the 
pathological condition, compared to untreated animals bearing the 
transgene, would indicate a potential therapeutic intervention for 
the pathological condition. In another embodiment, transgenic 
animals that carry a soluble form of Apo-2 such as the Apo-2 ECD or 
an immunoglobulin chimera of such form could be constructed to test 
the effect of chronic neutralization of Apo-2L, a ligand of Apo-2. 

Alternatively, non-human homologues of Apo-2 can be used 
to construct an Apo-2 "knock out" animal which has a defective or 
altered gene encoding Apo-2 as a result of homologous recombination 
between the endogenous gene encoding Apo-2 and altered genomic DNA 
encoding Apo-2 introduced into an embryonic cell of the animal. 
For example, cDNA encoding Apo-2 can be used to clone genomic DNA 
encoding Apo-2 in accordance with established techniques. A 



') 



portion of the genomic DNA encoding Apo-2 can be deleted or 
replaced with. another gene, such as a gene encoding a selectable 
marker which can be used to monitor integration. Typically, 
several kilobases of unaltered flanking DNA (both at the 5' and 3' 
5 ends) are included in the vector [see e.g., Thomas and Capecchi, 
Cell , 51:503 (1987) for a description of homologous recombination 
vectors] . The vector is introduced into an embryonic stem cell 
line (e.g., by electroporation) and cells in which the introduced 
DNA has homologously recombined with the endogenous DNA are 

10 selected [see e.g., Li et al., Cell , 69:915 (1992)]. The selected 
cells are then injected into a blastocyst of an animal (e.g., a 
mouse or rat) to form aggregation chimeras [see e.g., Bradley, in 
Teratocarcinomas and Embryonic Stem Cells: A Practical Approach, E. 
J. Robertson, ed. (IRL, Oxford, 1987), pp. 113-152]. A chimeric 

15 embryo can then be implanted into a suitable pseudopregnant female 
foster animal and the embryo brought to term to create a "knock 
out" animal. Progeny harboring the homologously recombined DNA in 
their germ cells can be identified by standard techniques and used 
to breed animals in which all cells of the animal contain the 

20 homologously recombined DNA. Knockout animals can be characterized 
for instance, for their ability to defend against certain 
pathological conditions and for their development of pathological 
conditions due to absence of the Apo-2 polypeptide, including for 
example, development of tumors. 

25 C. Ant i -Ado- 2 Antibody Prep aration 

The present invention further provides anti-Apo-2 
antibodies. Antibodies against Apo-2 may be prepared as follows. 
Exemplary antibodies include polyclonal, monoclonal, humanized, 
bispecific, and heterocon jugate antibodies. 

30 ' 1. Polyclonal Antibodies 

The Apo-2 antibodies may comprise polyclonal antibodies. 
Methods of preparing polyclonal antibodies are known to the skilled 
artisan. Polyclonal antibodies can be raised in a mammal, for 
example, by one or more injections of an immunizing agent and, if 

35 desired, an adjuvant. Typically, the immunizing agent and/or 



adjuvant will be injected in the mammal by multiple subcutaneous or 
intraperitoneal injections. The immunizing agent may include the 
Apo-2 polypeptide or a fusion protein thereof. An example of a 
suitable immunizing agent is a Apo-2 -IgG fusion protein or chimeric 
molecule (including an Apo-2 ECD-IgG fusion protein) . Cells 
expressing Apo-2 at their surface may also be employed. It may be 
useful to conjugate the immunizing agent to a protein known to be 
immunogenic in the mammal being immunized. Examples of such 
immunogenic proteins which may be employed include but are not 
limited to keyhole limpet hemocyanin, serum albumin, bovine 
thyroglobulin, and soybean trypsin inhibitor. An aggregating agent 
such as alum may also be employed to enhance the mammal's immune 
response. Examples of adjuvants which may be employed include 
Freund's complete adjuvant and MPL-TDM adjuvant (monophosphoryl 
Lipid A, synthetic trehalose dicorynomycolate) . The immunization 
protocol may be selected by one skilled in the art without undue 
■experimentation. The mammal can then be bled, and the serum 
assayed for antibody titer. If desired, the mammal can be boosted 
until the antibody titer increases or plateaus. 
2 . Monoclonal Antibodies 

The Apo-2 antibodies may, alternatively, be monoclonal 
antibodies. Monoclonal antibodies may be prepared using hybridoma 
methods, such as those described by Kohler and Milstein, supra . In 
a hybridoma method, a mouse, hamster, or other appropriate host 
animal, is typically immunized (such as described above) with an 
immunizing agent to elicit lymphocytes that produce or are capable 
of producing antibodies that will specifically bind to the 
immunizing agent. Alternatively, the lymphocytes may be immunized 
in vitro. 

The immunizing agent will typically include the Apo-2 
polypeptide or a fusion protein thereof. An example of a suitable 
immunizing agent is a Apo-2-IgG fusion protein or chimeric 
molecule. Cells expressing Apo-2 at their surface may also be 
employed. Generally, either peripheral blood lymphocytes ("PBLs") 
are used if cells of human origin are desired, or spleen cells or 
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lymph node cells are used if non-human mammalian sources are 
desired. The lymphocytes are then fused with an immortalized cell 
line using a suitable fusing agent, such as polyethylene glycol, to 
form a hybridoma cell [Goding, Monoclonal Antibodies: Principles 
and Practice . Academic Press, (1986) pp. 59-103]. Immortalized 
cell lines are usually transformed mammalian cells, particularly 
myeloma cells of rodent, bovine and human origin. Usually, rat or 
mouse myeloma cell lines are employed. The hybridoma cells may be 
cultured in a suitable culture medium that preferably contains one 
or more substances that inhibit the growth or survival of the 
unfused, immortalized cells. For example, if the parental cells 
lack the enzyme hypoxanthine guanine phosphoribosyl transferase 
(HGPRT or HPRT) , the culture medium for the hybridomas typically 
will include hypoxanthine, aminopterin, and thymidine ( "HAT 
medium"), which substances prevent the growth of HGPRT -deficient 
cells. 

Preferred immortalized cell lines are those that fuse 
efficiently, support stable high level expression of antibody by 
the selected antibody- producing cells, and are sensitive to a 
medium such as HAT medium. -More preferred immortalized cell lines 
are murine myeloma lines, which can be obtained, for instance, from 
the Salk Institute Cell Distribution Center, San Diego, California 
and the American Type Culture Collection, Rockville, Maryland. 
Human myeloma and mouse-human heteromyeloma cell lines also have 
been described for the production of human monoclonal antibodies 
[Kozbor, J . Immunol . , 131:3001 (1984); Brodeur et al . , Monoclonal 
Antibody Production Techniques and Appl ications, Marcel Dekker, 
Inc. , New York, (1987) pp. 51-63]. 

The culture medium in which the hybridoma cells are 
cultured can then be assayed for the presence of monoclonal 
antibodies directed against Apo-2. Preferably, the binding 
specificity of monoclonal antibodies produced by the hybridoma 
cells is determined by immunoprecipitation or by an in vitro 
binding assay, such as radioimmunoassay (RIA) or enzyme-linked 
immunoabsorbent assay (ELISA) . Such techniques and assays are 
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known in the art. The binding, affinity of the monoclonal antibody 
can, for example, be determined by the Scatchard analysis of Munson 
and Pollard, Anal. Biochem. , 107:220 (1980). 

After the desired hybridoma cells are identified, the 
5 clones may be subcloned by limiting dilution procedures and grown 
by standard methods [Goding, supra ] . Suitable culture media for 
this purpose include, for example, Dulbecco's Modified Eagle's 
Medium and RPMI-164 0 medium. Alternatively, the hybridoma cells 
may be grown in vivo as ascites in a mammal. 

10 The monoclonal antibodies secreted by the subclones may 

be isolated or purified from the culture medium or ascites fluid by 
conventional immunoglobulin purification procedures such as, for 
example, protein A-Sepharose, hydroxy lapatite chromatography, gel 
electrophoresis, dialysis, or affinity chromatography. 

15 The monoclonal antibodies may also be made by recombinant 

DNA methods, such as those described in U.S. Patent No. 4,816,567. 
.DNA encoding the monoclonal antibodies of the invention can be 
readily isolated and sequenced using conventional procedures (e.g. , 
by using oligonucleotide probes that are capable of binding 

20 specifically to genes encoding the heavy and light chains of murine 
antibodies) . The hybridoma cells of the invention serve as a 
preferred source of such DNA. Once isolated, the DNA may be placed 
into expression vectors, which are then transfected into host cells 
such as simian COS cells, Chinese hamster ovary (CHO) cells, or 

25 myeloma cells that do not otherwise produce immunoglobulin protein, 
to obtain the synthesis of monoclonal antibodies in the recombinant 
host cells. The DNA also may be modified, for example, by 
substituting the coding sequence for human heavy and light chain 
constant domains in place of the homologous murine sequences [U.S. 

30 Patent No. 4,816,567; Morrison et al., supra] or by covalently 
joining to the immunoglobulin coding sequence all or part of the 
coding sequence for a non- immunoglobulin polypeptide. Such a non- 
immunoglobulin polypeptide can be substituted for the constant 
domains of an antibody of the invention, or can be substituted for 

35 the variable domains of one antigen-combining site of an antibody 



of the invention to create a chimeric bivalent antibody. 

The antibodies may be monovalent antibodies. Methods for 
preparing monovalent antibodies are well known in the art. For 
example, one method involves recombinant expression of 
immunoglobulin light chain and modified heavy chain. The heavy 
chain is truncated generally at any point in the Fc region so as to 
prevent heavy chain crosslinking. Alternatively, the relevant 
cysteine residues are substituted with another amino acid residue 
or are deleted so as to prevent crosslinking. 

In vitro methods are also suitable for preparing 
monovalent antibodies. Digestion of antibodies to produce 
fragments thereof, particularly, Fab fragments, can be accomplished 
using routine techniques known in the art. For instance, digestion 
can be performed using papain. Examples of papain digestion are 
described in WO 94/29348 published 12/22/94 and U.S. Patent No. 
4,342,566. Papain digestion of antibodies typically produces two 
identical antigen binding fragments, called Fab fragments, each 
with a single antigen binding site, and a residual Fc fragment. 
Pepsin treatment yields an F(ab') 2 fragment that has two antigen 
combining sites and is still capable of cross- linking antigen. 

The Fab fragments produced in the antibody digestion also 
contain the constant domains of the light chain and the first 
constant domain (CHJ of the heavy chain. Fab' fragments differ 
from Fab fragments by the addition of a few residues at the carboxy 
terminus of the heavy chain CH X domain including one or more 
cysteines from the antibody hinge region. Fab' -SH is the 
designation herein for Fab' in which the cysteine residue (s) of the 
constant domains bear a free thiol group. F(ab') 2 antibody 
fragments originally were produced as pairs of Fab' fragments which 
have hinge cysteines between them. Other chemical couplings of 
antibody fragments are also known. 

3 . Humanized Antibodies 

The Apo-2 antibodies of the invention may further 
comprise humanized antibodies or human antibodies. Humanized forms 
of non-human (e.g., murine) antibodies are chimeric 



immunoglobulins, immunoglobulin chains or fragments thereof (such, 
as Fv, Fab, Fab', F(ab') 2 or other antigen-binding subsequences of 
antibodies) which contain minimal sequence derived from non-human 
immunoglobulin. Humanized antibodies include human immunoglobulins 
5 (recipient antibody) in which residues from a complementary 
determining region (CDR) of the recipient are replaced by residues 
from a CDR of a non-human species (donor antibody) such as mouse, 
rat or rabbit having the desired specificity, affinity and 
capacity. In some instances, Fv framework residues of the human 

10 immunoglobulin are replaced by corresponding non-human residues. 
Humanized antibodies may also comprise residues which are found 
neither in the recipient antibody nor in the imported CDR or 
framework sequences. In general, the humanized antibody will 
comprise substantially all of at least one, and typically two, 

15 variable domains, in which all or substantially all of the CDR 
regions correspond to those of a non-hpman immunoglobulin and all 
or substantially all of the FR regions are those of a human 
immunoglobulin consensus sequence. The humanized antibody 
optimally also will comprise at least a portion of an 

20 immunoglobulin constant region (Fc) , typically that of a human 
immunoglobulin [Jones et al. # Nature, 321:522-525 (1986); Reichmann 
et al., Nature , 332:323-329 (1988); and Presta, Curr. Op. Struct. 
Biol. , 2:593-596 (1992)]. 

Methods for humanizing non-human antibodies are well 

25 known in the art. Generally, a humanized antibody has one or more 
amino acid residues introduced into it from a source which is non- 
human. These non-human amino acid residues are often referred to 
as "import" residues, which are typically taken from an "import" 
variable domain. Humanization can be essentially performed 

30 following the method of Winter and co-workers ■ [Jones et al., 
Nature, 321:522-525 (1986); Riechmann et al., Nature, 332:323-327 
(1988); Verhoeyen et al., Science , 239:1534-1536 (1988)], by 
substituting rodent CDRs or CDR sequences for the corresponding 
sequences of a human antibody. Accordingly, such "humanized" 

35 antibodies are chimeric antibodies (U.S. Patent No. 4,816,567), 
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wherein substantially less than an intact human variable domain has 
been substituted by the corresponding sequence from a non- human 
species. In practice, humanized antibodies are typically human 
antibodies in which some CDR residues and possibly some FR residues 
are substituted by residues from analogous sites in rodent 
antibodies . 

The choice of human variable domains, both light and 
heavy, to be used in making the humanized antibodies is very 
important in order to reduce antigenicity. According to the "best- 
fit" method, the sequence of the variable domain of a rodent 
antibody is screened against the entire library of known human 
variable domain sequences. The human sequence which is closest to 
that of the rodent is then accepted as the human framework (FR) for 
the humanized antibody [Sims et al., J. Immunol., 151:2296 (1993); 
Chothia and Lesk, J. Mol . Biol. , 196:901 (1987)]. Another method 
uses a particular framework derived from the consensus sequence of 
all human antibodies of a particular subgroup of light or heavy 
chains. The same framework may be used for several different 
humanized antibodies [Carter et al., Proc . Natl. Acad. Sci. USA, 
89:4285 (1992); Presta et al . , J. Immunol. , 151 : 2623 (1993)]. 

It is further important that antibodies be humanized with 
retention of high affinity for the antigen and other favorable 
biological properties. To achieve this goal, according to a 
preferred method, humanized antibodies are prepared by a process of 
analysis- of the parental sequences and various conceptual humanized 
products using three dimensional models of the parental and 
humanized sequences. Three dimensional immunoglobulin models are 
commonly available and are familiar to those skilled in the art. 
Computer programs are available which illustrate and display 
probable three-dimensional conformational structures of selected 
candidate immunoglobulin sequences. Inspection of these displays 
permits analysis of the likely role of the residues in the 
functioning of the candidate immunoglobulin sequence, i.e., the 
analysis of residues that influence the ability of the candidate 
immunoglobulin to bind its antigen. In this way, FR residues can 



be selected and combined from the consensus and import sequence so 
that the desired antibody characteristic, such as increased 
affinity for the target antigen(s), is achieved. In general, the 
CDR residues are directly and most substantially involved in 
influencing antigen binding [see, WO 94/04679 published 3 March 
1994] . 

Transgenic animals (e.g., mice) that are capable, upon 
immunization, of producing a full repertoire of human antibodies in 
the absence of endogenous immunoglobulin production can be 
employed. For example, it has been described that the homozygous 
deletion of the antibody heavy chain joining region (J„) gene in 
chimeric and germ- line mutant mice results in complete inhibition 
of endogenous antibody production. Transfer of the human germ- line 
immunoglobulin gene array in such germ- line mutant mice will result 
in the production of human antibodies upon antigen challenge [see, 
e.g., Jakobovits et al . , Proc. Natl. Acad. Sci. USA. 90:2551-255 
(1993); Jakobovits et al., Nature, 162:255-258 (1993); Bruggermann 
et al., Year in Immuno. . 7:33 (1993)]. Human antibodies can also 
be produced in phage display libraries [Hoogenboom and Winter, 
Mol. Biol. . 227:381 (1991); Marks et al . , J. Mol . Biol., 222:581 
(1991)] . The techniques of Cote et al . and Boerner et al. are also 
available for the preparation of human monoclonal antibodies (Cote 
et al., Monoclonal Antibodies and Cancer T herapy, Alan R. Liss, p. 
77 (1985) and Boerner et al., J. Immunol. . 147(1) :86-95 (1991)]. 

4 . Bispecific Antibodies 

Bispecif ic antibodies are monoclonal, preferably human or 
humanized, antibodies that have binding specificities for at least 
two different antigens. In the present case, one of the binding 
specificities is for the Apo-2, the other one is for any other 
antigen, and preferably for a cell-surface protein or receptor or 

receptor subunit. 

Methods for making bispecific antibodies are known in the 
art. Traditionally, the recombinant production of bispecific 
antibodies is based on the co-expression of two immunoglobulin 
heavy-chain/light-chain pairs, where the two heavy chains have 
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different specificities [Millstein and Cuello, Nature , 305 : 537-539 
(1983)] . Because of the random assortment of immunoglobulin heavy 
and light chains, these hybridomas (quadromas) produce a potential 
mixture of ten different antibody molecules, of which only one has 
5 the correct bispecific structure. The purification of the correct 
molecule is usually accomplished by affinity chromatography steps. 
Similar procedures are disclosed in WO 93/08829, published 13 May 
1993, and in Traunecker et al . , EMBO J. . 10:3655-3659 (1991). 

According to a different and more preferred approach, 

10 antibody variable domains with the desired binding specificities 
(antibody-antigen combining sites) are fused to immunoglobulin 
constant domain sequences. The fusion preferably is with an 
immunoglobulin heavy-chain constant domain, comprising at least 
part of the hinge, CH2 , and CH3 regions. It is preferred to have 

15 the first heavy-chain constant region (CHI) containing the site 
necessary for light-chain binding present in at least one of the 
fusions. DNAs encoding the immunoglobulin heavy-chain fusions and, 
if desired, the immunoglobulin light chain, are inserted into 
separate expression vectors, and are co-transf ected into a suitable 

20 host organism. This provides for great flexibility in adjusting 
the mutual proportions of the three polypeptide fragments in 
embodiments when unequal ratios of the three polypeptide chains 
used in the construction provide the optimum yields. It is, 
however, possible to insert the coding sequences for two or all 

25 three polypeptide chains in one expression vector when the 
expression of at least two polypeptide chains in equal ratios 
results in high yields or when the ratios are of no particular 
significance. In a preferred embodiment of this approach, the 
bispecific antibodies are composed of a hybrid immunoglobulin heavy 

3 0 chain with a first binding specificity in one arm, and a hybrid 
immunoglobulin heavy-chain/light-chain pair (providing a second 
binding specificity) in the other arm. It was found that this 
asymmetric structure facilitates the separation of the desired 
bispecific compound from unwanted immunoglobulin chain 

35 combinations, as the presence of an immunoglobulin light chain in 
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only one half of the bispecif ic molecule provides for a facile way 
of separation. This approach is disclosed in WO 94/04690 published 
3 March 1994. For further details of generating bispecif ic 
antibodies see, for example, Suresh et al., Methods in Enzymology, 
121:210 (1986) . 

5 . Heteroconiugate Antibodies 

Heteroconjugate antibodies are also within the scope of 
the present invention. Heteroconjugate antibodies are composed of 
two covalently joined antibodies. Such antibodies have, for 
example, been proposed to target immune system cells to unwanted 
cells [US Patent No. 4,676,980] , and for treatment of HIV infection 
[WO 91/00360; WO 92/200373; EP 03089] . It is contemplated that the 
antibodies may be prepared in vitro using known methods in 
synthetic protein chemistry, including those involving crosslinking 
agents. For example, immunotoxins may be constructed using a 
disulfide exchange reaction or by forming a thioether bond. 
Examples of suitable reagents for this purpose include 
iminothiolate and methyl -4 -mercaptobutyrimidate and those 
disclosed, for example, in U.S. Pat. No. 4,676,980. 

D. Therapeutic and Non- therapeutic U ses for Apo-2 Antibodies 
The Apo-2 antibodies of the invention have therapeutic 
utility. Agonistic Apo-2 antibodies, for instance, may be employed 
to activate or stimulate apoptosis in cancer cells. Alternatively, 
antagonistic antibodies may be used to block excessive apoptosis 
(for instance in neurodegenerative disease) or to block potential 
autoimmune /inflammatory effects of Apo-2 resulting from NF-kB 
activation. 

Apo-2 antibodies may further be used in diagnostic assays 
for Apo-2, e.g., detecting its expression in specific cells, 
tissues, or serum. Various diagnostic assay techniques known in 
the art may be used, such as competitive binding assays, direct or 
indirect sandwich assays and immunoprecipitation assays conducted 
in either heterogeneous or homogeneous phases [Zola, Monoclonal 
Antibodies: A Manual of Techniques , CRC Press, Inc. (1987) pp. 147- 
158] . The antibodies used in the diagnostic assays can be labeled 
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with a detectable moiety. The detectable moiety should be capable 
of producing, either directly or indirectly, a detectable signal. 
For example, the detectable moiety may be a radioisotope, such as 
3 H, 14 C, 32 P, 3S S, or 12S I, a fluorescent or chemiluminescent compound, 
such as fluorescein isothiocyanate, rhodamine, or luciferin, or an 
enzyme, such as alkaline phosphatase, beta-galactosidase or 
horseradish peroxidase. Any method known in the art for 
conjugating the antibody to the detectable moiety may be employed, 
including those methods described by Hunter et al. , Nature, 144 : 945 
(1962); David et al . , Biochemistry , 13:1014 (1974); Pain et al., 
J. Immunol. Meth. . 40:219 (1981); and Nygren, J. Histochem. and 
Cytochem . , 30:407 (1982) . 

Apo-2 antibodies also are useful for the affinity 
purification of Apo-2 from recombinant cell culture or natural 
15 sources. In this process, the antibodies against Apo-2 are 
immobilized on a suitable support, such a Sephadex resin or filter 
paper, using methods well known in the art. The immobilized 
antibody then is contacted with a sample containing the Apo-2 to be 
purified, and thereafter the support is washed with a suitable 
20 solvent that will remove substantially all the material in the 
sample except the Apo-2, which is bound to the immobilized 
antibody. Finally, the support is washed with another suitable 
solvent that will release the Apo-2 from the antibody. 
E. Kits Containing Apo-2 o r Abo-2 Antibodies 
25 In a further embodiment of the invention, there are 

provided articles of manufacture and kits containing Apo-2 or Apo-2 
antibodies which can be used, for instance, for the therapeutic or 
non-therapeutic applications described above. The article of 
manufacture comprises a container with a label. Suitable 
30 containers include, for example, bottles, vials, and test tubes. 
The containers may be formed from a variety of materials such as 
glass or plastic. The container holds a composition which includes 
an active agent that is effective for therapeutic or non- 
therapeutic applications, such as described above. The active 
35 agent in the composition is Apo-2 or an Apo-2 antibody. The label 
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on the container indicates that the composition is used for a 
specific therapy or non- therapeutic application, and may also 
indicate directions for either in vivo or in vitro use, such as 
those described above. 

The kit of the invention will typically comprise the 
container described above and one or more other containers 
comprising materials desirable from a commercial and user 
standpoint, including buffers, diluents, filters, needles, 
syringes, and package inserts with instructions for use. 

***************************** 

The following examples are offered for illustrative 
purposes only, and are not intended to limit the scope of the 
present invention in any way. 

All patent and literature references cited in the present 
specification are hereby incorporated by reference in their 
entirety. 

EXAMPLES 

All restriction enzymes referred to in the examples were 
purchased from New England Biolabs and used according to 
manufacturer's instructions. All other commercially available 
reagents referred to in the examples were used according to 
manufacturer's instructions unless otherwise indicated. The source 
of those cells identified in the following examples, and throughout 
the specification, by ATCC accession numbers is the American Type 
Culture Collection, Rockville, Maryland. 



EXAMPLE 1 

Isolation of cDNA clones Encodi ng Human Ado- 2 
Expressed sequence tag (EST) DNA databases (LIFESEQ™, 
. Incyte Pharmaceuticals, Palo Alto, CA) were searched and an EST was 
identified which showed homology to the death domain of the Apo-3 
receptor [Marsters et al., Curr. Biol. , 6:750 (1996)]. Human 
pancreas and kidney lgtlO bacteriophage cDNA libraries (both 
purchased from Clontech) were ligated into pRK5 vectors as follows. 
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Reagents were added together and incubated at 16°C for 16 hours: 5X 
T4 ligase buffer (3 ml); pRK5, ■ Xhol, Not! digested vector, 0.5 mg, 
1 ml); cDNA (5 ml) and distilled water (6 ml). Subsequently, 
additional distilled water (70 ml) and 10 mg/ml tRNA (0.1 ml) were 
added and the entire reaction was extracted through 
phenol : chloroform : isoamyl alcohol (25:24:1) . The aqueous phase was 
removed, collected and diluted into 5M NaCl (10 ml) and absolute 
ethanol (-20°C, 250 ml) . This was then centrifuged for 20 minutes 
at 14,000 x g, decanted, and the pellet resuspended into 70% 
ethanol (0.5 ml) and centrifuged again for 2 minutes at 14,000 x g. 
The DNA pellet was then dried in a speedvac and eluted into 
distilled water (3 ml) for use in the subsequent procedure. 

The ligated cDNA/pRK5 vector DNA prepared previously was 
chilled on ice to which was added electrocompetent DH10B bacteria 
(Life Tech., 20 ml). The bacteria vector mixture was then 
electroporated as per the manufacturers recommendation. 
Subsequently SOC media (1 ml) was added and the mixture was 
incubated at 37°C for 30 minutes. The transf ormants were then 
plated onto 20 standard 150 mm LB plates containing ampicillin and 
incubated for 16 hours (37°C) to allow the colonies to grow. 
Positive colonies were then scraped off and the DNA isolated from 
the bacterial pellet using standard GsCl-gradient protocols. 

An enriched S'-cDNA library was then constructed to 
obtain a bias of cDNA fragments which preferentially represents the 
5' ends of cDNA' s contained within the library. 10 mg of the 
pooled isolated full-length library plasmid DNA (41 ml) was 
combined with Not 1 restriction buffer (New England Biolabs, 5 ml) 
and Not 1 (New England Biolabs, 4 ml) and incubated at 37°C for one 
hour. The reaction was extracted through phenol : chloroform: isoamyl 
alcohol (25:24:1, 50 ml), the aqueous phase removed, collected and 
resuspended into 5M NaCl (5 ml) and absolute ethanol (-20°C, 150 
ml). This was then centrifuged for 20 minutes at 14,000 x g, 
decanted, resuspended into 70% ethanol (0.5 ml) and centrifuged 
again for 2 minutes at 14,000 x g. The supernatant was then 
removed, the pellet dried in a speedvac and resuspended in 



distilled water (10 ml) . 

The following reagents were brought together .and 
incubated at 37°C for 2 hours: distilled water (3 ml); linearized 
DNA library (1 mg, 1 ml) ; Ribonucleotide mix (Invitrogen, 10 ml) ; 
5 transcription buffer (Invitrogen, 2 ml) and Sp6 enzyme mix. The 
reaction was then extracted through phenol : chloroform : isoamyl 
alcohol (25:24:1, 50 ml) and the aqueous phase was removed, 
collected and resuspended into 5M NaCl (5 ml) and absolute ethanol 
(-20°C, 150 ml) and centrifuged for 20 minutes at 14,000 x g. The 

10 pellet was then decanted and resuspended in 70% ethanol (0.5 ml), 
centrifuged again for 2 minutes at 14,000 x g, decanted, dried in 
a speedvac and resuspended into distilled water (10 ml) . 

The following reagents were added together and incubated 
at 16°C for 16 hours: 5X T4 ligase buffer (Life Tech., 3 ml); pRK5 

15 Cla-Sal digested vector, 0.5 mg, 1 ml); cDNA (5 ml); distilled 
water (6 ml) . Subsequently, additional distilled water (70 ml) and 
.10 mg/ml tRNA (0.1 ml) was added and the entire reaction was 
extracted through phenol : chloroform: isoamyl alcohol (25:24:1, 100 
ml) . The aqueous phase was removed, collected and diluted by 5M 

20 NaCl (10 ml) and absolute ethanol (-20°C, 250 ml) and centrifuged 
for 20 minutes at 14,000 x g. The DNA pellet was decanted, 
resuspended into 70% ethanol (0.5 ml) and centrifuged again for 2 
minutes at 14,000 x g. The supernatant was removed and the residue 
pellet was dried in a speedvac and resuspended in distilled water 

25 (3ml). The ligated cDNA/pSST-amy . 1 vector DNA- was chilled on ice 
to which was added electrocompetent DH10B bacteria (Life Tech., 20 
ml) . The bacteria vector mixture was then electroporated as 
recommended by the manufacturer. Subsequently, SOC media (Life 
Tech., 1 ml) was added and the mixture was incubated at 37°C for 30 

30 minutes. The transf ormants were then plated onto 20 standard 150 
mm LB plates containing ampicillin and incubated for 16 hours 
(37°C) . Positive colonies were scraped off the plates and the DNA 
was isolated from the bacterial pellet using standard protocols, 
e.g. CsCl-gradient . 

35 The cDNA libraries were screened by hybridization with a 
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synthetic oligonucleotide probe: 

GGGAGCCGCTCATGAGGAAGTTGGGCCTCATGGACAATGAGATAAAGGTGGCTAAAGCTGAGGCA 
GCGGG (SEQ ID NO: 3) based on the EST. 

Three cDNA clones were sequenced in entirety. The 
overlapping coding regions of the cDNAs were identical except for 
codon 410 (using the numbering system for Fig. 1) ; this position 
encoded a leucine residue (TTG) in both pancreatic cDNAs, and a 
methionine residue (ATG) in the kidney cDNA, possibly due to 
polymorphism . 

The entire nucleotide sequence of Apo-2 is shown in 
Figure 1 (SEQ ID NO: 2) . Clone 27868 (also referred to as pRK5-Apo- 
2 deposited as ATCC ■ as indicated below) contains a single 
open reading frame with an apparent translational initiation site 
at nucleotide positions 140-142 [Kozak et al., supral and ending at 
the stop codon found at nucleotide positions 1373-1375 (Fig. 1; SEQ 
ID NO:2) . The predicted polypeptide precursor is 411 amino acids 
long, a type I transmembrane protein, and has a calculated 
molecular weight of approximately 45 kDa. Hydropathy analysis (not 
shown) suggested the presence of a signal sequence (residues 1-53) , 
followed by an extracellular domain (residues 54-182), a 
transmembrane domain (residues 183-208), and an intracellular 
domain (residues 209-411) (Fig. 2A; SEQ ID NO:l) . N-terminal amino 
acid sequence analysis of Apo-2 -IgG expressed in 293 cells showed 
that the mature polypeptide starts at amino acid residue 54, 
indicating that the actual signal sequence comprises residues 1-53. 

TNF receptor family proteins are typically characterized 
by the presence of multiple (usually four) cysteine-rich domains in 
their extracellular regions -- each cysteine-rich domain being 
approximately 45 amino acids long and containing approximately 6, 
regularly ' spaced, cysteine residues. Based on the crystal 
structure of the type 1 TNF receptor, the cysteines in each domain 
typically form three disulfide bonds in which usually cysteines 1 
and 2, 3 and 5, and 4 and 6 are paired together. Like DR4, Apo-2 
contains two extracellular cysteine-rich pseudorepeats (Fig. 2A) , 
whereas other identified mammalian TNFR family members contain 
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three or more such domains [Smith et al.. Cell . 76:959 (1994)]. 

The cytoplasmic region of Apo-2 contains a death domain 
(amino acid residues 324-391 shown in Fig. 1; see also Fig. 2A) 
which shows significantly more amino acid sequence identity to the 
5 death domain 1 of DR4 (64%) than to the death domain of TNFR1 (30%); 
CD95 (19%); or Apo-3/DR3 (29%) (Fig. 2B) . Four out of six death 
domain amino acids that are required for signaling by TNFR1 
[Tartaglia et al . , supra ] are conserved in Apo-2 while the other 
two residues are semi -conserved (see Fig. 2B) . 
10 Based on an alignment analysis (using the ALIGN™ computer 

program) of the full-length sequence, Apo-2 shows more sequence 
identity to DR4 (55%) than to other apoptosis- linked receptors, 
such as TNFR1 (19%); CD95 (17%); or Apo-3 (also referred to as DR3 , 
WSL-1 or TRAMP) (29%) . 

15 

EXAMPLE 2 

A. Expression of Ado -2 ECD 

A soluble extracellular domain (ECD) fusion construct was 
prepared. An Apo-2 ECD (amino, acid residues 1-184 shown in Figure 

20 1) was obtained by PCR and fused to a C-terminal Flag epitope tag 
(Sigma) . (The Apo-2 ECD construct included residues 183 and 184 
shown in Figure 1 to provide flexibility at the junction, even 
though residues 183 and 184 are predicted to be in the 
transmembrane region) . The Flag epitope- tagged molecule was then 

25 inserted into pRK5, and expressed by transient transfection into 
human 293 cells (ATCC CRL 1573). 

After a 48 hour incubation, the cell supernatants were 
collected and either used directly for co-precipitation studies 
(see Example 3) or subjected to purification of the Apo-2 ECD- Flag 

30 by affinity chromatography on ant i- Flag agarose beads, according to 
manufacturer's instructions (Sigma). 

B. Expression of Apo-2 ECD as an Immuno adhesin 

A soluble Apo-2 ECD immunoadhesin construct was prepared. 
35 The Apo-2 ECD (amino acids 1-184 shown in Fig. 1) was fused to the 

-62- 



":) 



hinge and Fc region of human immunoglobulin G r heavy chain in pRK5 
as described previously [Ashkenazi et al., Proc. Na tl. Aca d.. Sci. , 
88.: 10535-10539 (1991)]. The immunoadhesin was expressed by 
transient transfection into human 293 cells and purified from cell 
5 supernatants by protein A affinity chromatography, as described by 
Ashkenazi et al., supra . 

EXAMPLE 3 

Immunoprecipitation Assay Showing Binding Interaction 
10 Between Apo-2 and Apo-2 Ligand 

To determine whether Apo-2 and Apo-2L interact or 

associate with each other, supernatants from mock-transf ected 293 

cells or from 293 cells transfected with Apo-2 ECD-Flag (described 

in Example 2 above) (5 ml) were incubated with 5 \iq poly-histidine- 

15 tagged soluble Apo-2L [Pitti et al., supra ! for 30 minutes at room 
temperature and then analyzed for complex formation by a co- 
precipitation assay. 

The samples were subjected to immunoprecipitation using 
25 ixl anti-Flag conjugated agarose beads (Sigma) or Nickel- 

20 conjugated agarose beads (Qiagen) . After a 1.5 hour incubation at 
4° C, the beads were spun down and washed four times in phosphate 
buffered saline (PBS) . By using anti-Flag agarose, the Apo-2L was 
precipitated through the Flag-tagged Apo-2 ECD; by using Nickel- 
agarose, the Apo-2 ECD was precipitated through the His -tagged Apo- 

25 2L. The precipitated proteins were released by boiling the beads 
for 5 minutes in SDS- PAGE buffer, resolved by electrophoresis on 
12% polyacrylamide gels, and then detected by immunoblot with anti- 
Apo-2L or anti-Flag antibody (2 /-ig/mlj as described in Marsters et 
al., J- Biol. Chem, , (1997). 

3 0 The results, shown in Figure 3, indicate that the Apo-2 

ECD and Apo-2L can associate with each other. 

The binding interaction was further analyzed by purifying 
Apo-2 ECD from the transfected 293 cell supernatants with anti-Flag 
beads (see Example 2) and then analyzing the samples on a BIACORE™ 

35 instrument. The BIACORE™ analysis indicated a dissociation 
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constant (K d ) of about 1 nM. BIACORE™ analysis also showed that 
the Apo-2 ECD is not capable of binding other apoptosis -inducing 
TNF family members, namely, TNF-alpha (Genentech, Inc., Pennica et 
al.. Nature , 312 :712 (1984), lymphotoxin-alpha (Genentech, Inc.), 
or Fas/Apo-1 ligand (Alexis Biochemicals) . The data thus shows 
that Apo-2 is a specific receptor for Apo-2L. 

EXAMPLE 4 
Induction of Apoptosis bv Ado- 2 

Because death domains can function as oligomerization 
interfaces, over-expression of receptors that contain death domains 
may lead to activation of signaling in the absence of ligand 
[Frazer et al., supra , Nagata et al., suora l . To determine whether 
Apo-2 was capable of inducing cell death, human 293 cells or HeLa 
cells (ATCC CCL 2.2) were transiently transfected by calcium 
phosphate precipitation (293 cells) or electroporation (HeLa cells) 
with a pRK5 vector or pRK5-based plasmids encoding Apo-2 and/or 
CrmA. When applicable, the total amount of plasmid DNA was 
adjusted by adding vector DNA. Apoptosis was assessed 24 hours 
after transfection by morphology (Fig. 4A) ; DNA fragmentation (Fig. 
4B) ; or by FACS analysis of phosphatydilserine exposure (Fig. 4C) 
as described in Marsters et al . , Curr. Biol. , 6:1669 (1996). As 
shown in Figs. 4A and 4B, the Apo-2 transfected 293 cells underwent 
marked apoptosis. 

For samples assayed by FACS, the HeLa cells were co- 
transfected with pRK5-CD4 as a marker for transfection and 
apoptosis was determined in CD4 -expressing cells; FADD was co- 
transfected with the Apo-2 plasmid; the data are means + SEM of at 
least three experiments, as described in Marsters et al., Curr. 
Biol. , 6:1669 (1996). The caspase inhibitors, DEVD-fmk (Enzyme 
Systems) or z-VAD-fmk (Research Biochemicals Intl.) were added at 
200 /xM at the time of transfection. As shown in Fig. 4C, the 
caspase inhibitors CrmA, DEVD-fmk, and z-VAD-fmk blocked apoptosis 
induction by Apo-2, indicating the involvement of Ced-3-like 
proteases in this response. 
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FADD is an adaptor protein that mediates apoptosis 
activation by CD95, TNFRi, and Apo-3/DR3 [Nagata et aL, supra ] , 
but does not appear necessary for apoptosis induction by Apo-2L 
[Marsters et al., supra ] or by DR4 [Pan et al., supra ] . A 
dominant -negative mutant form of FADD, which blocks apoptosis 
induction by CD95, TNFRI, or Apo-3/DR3 [Frazer et al,, supra ; 
Nagata et al., supra ; Chinnayian et al., supra ] did not inhibit 
apoptosis induction by Apo-2 when co- transfected into HeLa cells 
with Apo-2 (Fig. 4C) . . These results suggest that Apo-2 signals 
apoptosis independently of FADD. Consistent with this conclusion, 
a glutathione-S- transferase fusion protein containing the Apo-2 
cytoplasmic region did not bind to in vitro transcribed and 
translated FADD (data not shown) . 

EXAMPLE 5 

Inhibition of Apo-2L Activity by Soluble Apo-2 ECD 
Soluble Apo-2L (0.5 iig/ml, prepared as described in Pitti 
et al., supra ) was pre-incubated for 1 hour at room temperature 
with PBS buffer or affinity-purified Apo-2 ECD (5 iig/ml) together 
with anti-Flag antibody (Sigma) (1 iig/ml) and added to HeLa cells. 
After a 5 hour incubation, the cells were analyzed for apoptosis by 
FACS (as above) (Fig. 4D) . 

Apo-2L induced marked apoptosis in HeLa cells, and the 
soluble Apo-2 ECD was capable of blocking Apo-2L action (Fig. 4D) , 
confirming a specific interaction between Apo-2L and Apo-2. 
Similar results were obtained with the Apo-2 ECD immunoadhesin 
(Fig. 4D) . Dose-response analysis showed half-maximal inhibition 
at approximately 0.3 nM Apo-2 immunoadhesin (Fig. 4E) . 

EXAMPLE 6 
Activation of NF -*B bv Apo-2 
An assay was conducted to determine whether Apo-2 

activates NF-kB. 

HeLa cells were transfected with pRK5 expression plasmids 
encoding full-length native sequence Apo-2, DR4 or Apo-3 and 



harvested 24 hours after transf ection. Nuclear extracts were 
prepared and 1 fig of nuclear protein was reacted with a 32 P- labelled 
NF-/cB-specif ic synthetic oligonucleotide probe 

ATCAGGGACTTTCCGCTGGGGACTTTCCG (SEQ ID NO: 4) [see, also, MacKay et 
al., J. Immunol. , 153:5274-5284 (1994)], alone or together with a 
50- fold excess of unlabelled probe, or with an irrelevant 32 P- 
labelled synthetic oligonucleotide 

AGGATGGGAAGTGTGTGATATATCCTTGAT (SEQ ID NO: 5). In some samples, 
antibody to p65/RelA subunits of NF-kB (1 tig/ml; Santa Cruz 
Biotechnology) was added. DNA binding was analyzed by an 
electrophoretic mobility shift assay as described by Hsu et al . , 
supra ; Marsters et al . , supra , and MacKay et al., supra . 

The results are shown in Fig. 5. As shown in Fig. 5A, 
upon transf ection into HeLa cells, both Apo-2 and DR4 induced 
significant NF-kB activation as measured by the electrophoretic 
mobility shift assay; the level of activation was comparable to 
activation observed for Apo-3/DR3. Antibody to the p65/RelA 
subunit of NF-kB inhibited the mobility of the NF-kB probe, 
implicating p65 in the response to all 3 receptors. 

An assay was also conducted to determine if Apo-2L itself 
can regulate NF-/cB activity. HeLa cells or MCF7 cells (human 
breast adenocarcinoma cell line, ATCC HTB 22) were treated with PBS 
buffer, soluble Apo-2L (Pitti et al., supra) or TNF-alpha 
(Genentech, Inc., see Pennica et al., Nature, 312:721 (1984)) (1 
/xg/ml) and assayed for NF-/cB activity as above. The results are 
shown in Fig. 5B. The Apo-2L induced a significant NF-kB' 
activation in the treated HeLa cells but not in the treated MCF7 
cells; the TNF-alpha induced a more pronounced activation in both 
cell lines. Several studies have disclosed that NF-kB activation 
by TNF can protect cells against TNF- induced apoptosis [Nagata, 
supra ] . 

The effects of a NF-kB inhibitor, ALLN (N-acetyl-Leu-Leu- 
norleucinal) and a transcription inhibitor, cyclohexamide, were 
also tested. The HeLa cells (plated in 6-well dishes) were 
preincubated with PBS buffer, ALLN (Calbiochem) (40 fig /ml) or 



cyclohexamide (Sigma) (50 pg/ml) for 1 hour before addition of Apo- 
2L (1 /xg/ml) . After a 5 hour incubation, apoptosis was analyzed by 
FACS (see Fig. 5C) . 

The results are shown in Fig. 5C. Both ALLN and 
5 cyclohexamide increased the level of Apo-2L- induced apoptosis in 
the HeLa cells. The data indicates that Apo-2L can induce 
protective NF- /cB-dependent genes. The data also indicates that 
Apo-2L is capable of activating NF-«B in certain cell lines and 
that both Apo-2 and DR4 may mediate that function. 

10 

EXAMPLE 7 
Northern Blot Analysis 
Expression of Apo-2 mRNA in human tissues was examined by 
Northern blot analysis. Human RNA blots were hybridized to a 4.6 

15 kilobase 32 P-labelled DNA probe based on the full length Apo-2 cDNA; 

the probe was generated by digesting the pRK5-Apo-2 plasmid with 
EcoRI. Human fetal RNA blot MTN (Clontech) and human adult RNA 
blot MTN-II (Clontech) were incubated with the DNA probes. Blots 
were incubated with the probes in hybridization buffer (5X SSPE; 2X 

20 Denhardt' s solution; 100 mg/mL denatured sheared salmon sperm DNA; 

50% formamide; 2% SDS) for 60 hours at 42°C. The blots were washed 
several times in 2X SSC; 0.05% SDS for 1 hour at room temperature, 
followed by a 30 minute wash in 0.1-X SSC; 0.1% SDS at 50°C. The 
blots were developed after overnight exposure. 

25 As shown in Fig. 6, a predominant mRNA transcript of 

approximately 4.6kb was detected in multiple tissues. Expression 
was relatively high in fetal and adult liver and lung, and in adult 
ovary and peripheral blood leukocytes (PBL) , while no mRNA 
expression was detected in fetal and adult brain. Intermediate 

30 levels of expression were seen in adult colon, small intestine, 
testis, prostate, thymus, pancreas, lidney, skeletal muscle, 
placenta, and heart. Several adult tissues that express Apo-2, 
e.g., PBL, ovary, and spleen, have been shown previously to express 
DR4 [Pan et al., suora l , however, the relative levels of expression 

35 of each receptor mRNA appear to be different. 



EXAMPLE 8 

Chromosomal Localization of the Apo-2 gene 
Chromosomal localization of the human Apo-2 gene was 
examined by radiation hybrid (RH) panel analysis. RH mapping was 
performed by PCR using a human-mouse cell radiation hybrid panel 
(Research Genetics) and primers based on the coding region of the 
Apo-2 cDNA [Gelb et al . , Hum. Genet . , 98 :141 (1996) ]. Analysis of 
the PCR data using the Stanford Human Genome Center Database 
indicates that Apo-2 is linked to the marker D8S481, with an LOD of 
11.05; D8S481 is linked in turn to D8S2055, which maps to human 
chromosome 8p21. A similar analysis of DR4 showed that DR4 is 
linked to the marker D8S2127 (with an LOD of 13.00), which maps 
also to human chromosome 8p21. 

To Applicants' present knowledge, to date, no other 
member of the TNFR gene family has been located to chromosome 8. 



***** 

Deposit of Material 

The following materials have been deposited with the 
American Type Culture Collection, 12301 Parklawn Drive, Rockville, 
5 MD, USA (ATCC) : 

Material ATCC Deo. No. Deposit Date 
pRK5-Apo-2 

10 

This deposit was made under the provisions of the 
Budapest Treaty on the International Recognition of the Deposit of 
Microorganisms for the Purpose of Patent Procedure and the 
Regulations thereunder (Budapest Treaty) . This assures maintenance 

15 of a viable culture of the deposit for 30 years from the date of 
deposit. The deposit will be made available by ATCC under the 
terms of the Budapest Treaty, and subject to an agreement between 
Genentech, Inc. and ATCC, which assures permanent and unrestricted 
availability of the progeny of the culture of the deposit to the 

20 public upon issuance of the pertinent U.S. patent or upon laying 
open to the public of any U.S. or foreign patent application, 
whichever comes first, and assures availability of the progeny to 
one determined by the U.S. Commissioner of Patents and Trademarks 
to be entitled thereto according to 35 USC §122 and the 

25 Commissioner's rules pursuant thereto (including 37 CFR §1.14 with 
particular reference to 886 OG 638). 

The assignee of the present application has agreed that 
if a culture of the materials on deposit should die or be lost or 
destroyed when cultivated under suitable conditions, the materials 

30 will be promptly replaced on notification with another of the same. 
Availability of the deposited material is not to be construed as a 
license to practice the invention in contravention of the rights 
granted under the authority of any government in accordance with 
its patent laws. 

35 The foregoing written specification is considered to be 

sufficient to enable one skilled in the art to practice the 
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invention. The present invention is not to be limited in scope by 
the construct deposited, since the deposited embodiment is intended 
as a single illustration of certain aspects of the invention and 
any constructs that are functionally equivalent are within the 
scope of this invention. The deposit of material herein does not 
constitute an admission that the written description herein 
contained is inadequate to enable the practice of any aspect of the 
invention, including the best mode thereof, nor is it to be 
construed as limiting the scope of the claims to the specific 
illustrations that it represents. Indeed, various modifications of 
the invention in addition to those shown and described herein will 
become apparent to those skilled in the art from the foregoing 
description and fall within the scope of the appended claims. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: Ashkenazi, Avi J. 
(ii) TITLE OF INVENTION: Apo-2 RECEPTOR 
(iii) NUMBER OF SEQUENCES: 5 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Genentech, Inc. 

(B) STREET: 460 Point San Bruno Blvd 

(C) CITY: South San Francisco 

(D) STATE: California 

(E) COUNTRY: USA 

(F) ZIP: 94080 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: 3.5 inch, 1.44 Mb floppy di 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC -DOS /MS -DOS 

(D) SOFTWARE: WinPatin (Genentech) 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 15-May-1997 

(C) CLASSIFICATION: 

(viii) ATTORNEY/ AGENT INFORMATION: 

(A) NAME: Marschang, Diane L. 

(B) REGISTRATION NUMBER: 35,600 

(C) REFERENCE/DOCKET NUMBER: P1101 

(ix) TELECOMMUNICATION INFORMATION: 



(A) TELEPHONE: 415/225-5416 

(B) TELEFAX: 415/952-9881 

(C) TELEX: 910/371-7168 



5 (2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 411 amino acids 

(B) TYPE: Amino Acid 
10 (D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

Met Glu Gin Arg Gly Gin Asn Ala Pro Ala Ala Ser Gly Ala Arg 
15 1 5 10 15 

Lys Arg His Gly Pro Gly Pro Arg Glu Ala Arg Gly Ala Arg Pro 

20 25 30 

20 Gly Leu Arg Val Pro Lys Thr Leu Val Leu Val Val Ala Ala Val 

35 40 45 

Leu Leu Leu Val Ser Ala Glu Ser Ala Leu lie Thr Gin Gin Asp 

50 55 60 

25 

Leu Ala Pro Gin Gin Arg Ala Ala Pro Gin Gin Lys Arg Ser Ser 

65 70 75 

Pro Ser Glu Gly Leu Cys Pro Pro Gly His His lie Ser Glu Asp 
30 80 85 90 

Gly Arg Asp Cys lie Ser Cys Lys Tyr Gly Gin Asp Tyr Ser Thr 

95 100 105 

35 His Trp Asn Asp Leu Leu Phe Cys Leu Arg Cys Thr Arg Cys Asp 
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110 115 120 

Ser Gly Glu Val Glu Leu Ser Pro. Cys Thr Thr Thr Arg Asn Thr 

125 130 135 

.5 

Val Cys Gin Cys Glu Glu Gly Thr Phe Arg Glu Glu Asp Ser Pro 

140 145 150 

Glu Met Cys Arg Lys Cys Arg Thr Gly Cys Pro Arg Gly Met Val 
10 155 160 165 

Lys Val Gly Asp Cys Thr Pro Trp Ser Asp He Glu Cys Val His 

170 175 180 

15 Lys Glu Ser Gly He He He Gly Val Thr Val Ala Ala Val Val 

185 190 195 

Leu He Val Ala Val Phe Val Cys Lys Ser Leu Leu Trp Lys Lys 

200 205 210 

20 

Val Leu Pro Tyr Leu Lys Gly He Cys Ser Gly Gly Gly Gly Asp 

215 220 225 

Pro Glu Arg Val Asp Arg Ser Ser Gin Arg Pro Gly Ala Glu Asp 
25 230 235 240 

Asn Val Leu Asn Glu He Val Ser lie Leu Gin Pro Thr Gin Val 

245 250 255 

30 Pro Glu Gin Glu Met Glu Val Gin Glu Pro Ala Glu Pro Thr Gly 

260 265 270 

Val Asn Met Leu Ser Pro Gly Glu Ser Glu His Leu Leu Glu Pro 

275 280 285 

35 
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Ala Glu Ala Glu Arg Ser Gin Arg Arg Arg Leu Leu Val Pro Ala 

290 295 300 



Asn Glu Gly Asp Pro Thr Glu Thr Leu Arg Gin Cys Phe Asp Asp 
5 305 310 315 

Phe Ala Asp Leu Val Pro Phe Asp Ser Trp Glu Pro Leu Met Arg 

320 325 330 

10 Lys Leu Gly Leu Met Asp Asn Glu lie Lys Val Ala Lys Ala Glu 

335 340 345 

Ala Ala Gly His Arg Asp Thr Leu Tyr Thr Met Leu lie Lys Trp 

350 355 360 

15 

Val Asn Lys Thr Gly Arg Asp Ala Ser Val His Thr Leu Leu Asp 

365 370 375 

Ala Leu Glu Thr Leu Gly Glu Arg Leu Ala Lys Gin Lys lie Glu 
20 380 385 390 

Asp His Leu Leu Ser Ser Gly Lys Phe Met Tyr Leu Glu Gly Asn 

395 400 405 

25 Ala Asp Ser Ala Xaa Ser 

410 411 

(2) INFORMATION FOR SEQ ID NO : 2 : 

30 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1799 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

35 

-74- 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 



CCCACGCGTC CGCATAAATC AGCACGCGGC CGGAGAACCC CGCAATCTCT 50 

GCGCCCACAA AATACACCGA CGATGCCCGA TCTACTTTAA GGGCTGAAAC 100 

CCACGGGCCT GAGAGACTAT AAGAGCGTTC CCTACCGCC ATG GAA 14 5 

Met Glu 
1 

CAA CGG GGA CAG AAC GCC CCG GCC GCT TCG GGG GCC CGG 184 
Gin Arg Gly Gin Asn Ala Pro Ala Ala Ser Gly Ala Arg 
5 10 15 

AAA AGG CAC GGC CCA GGA CCC AGG GAG GCG CGG GGA GCC 223 
Lys Arg His Gly Pro Gly Pro Arg Glu Ala Arg Gly Ala 

20 ' 25 

AGG CCT GGG CTC CGG GTC CCC AAG ACC CTT GTG CTC GTT 262 
Arg Pro Gly Leu Arg Val Pro Lys Thr Leu Val Leu Val 
30 35 40 

GTC GCC GCG GTC CTG CTG TTG GTC TCA GCT GAG TCT GCT 301 
Val Ala Ala Val Leu Leu Leu Val Ser Ala Glu Ser Ala 
45 50 

CTG ATC ACC CAA CAA GAC CTA GCT CCC CAG CAG AGA GCG 340 
Leu He Thr Gin Gin Asp Leu Ala Pro Gin Gin Arg Ala 
55 "60 65 

GCC CCA CAA CAA AAG AGG TCC AGC CCC TCA GAG GGA TTG 379 
Ala Pro Gin Gin Lys Arg Ser Ser Pro Ser Glu Gly Leu 
70 75 80 
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TGT CCA CCT GGA CAC CAT ATC TCA GAA GAC GGT AGA GAT 418 
Cys Pro Pro Gly His His lie Ser Glu Asp Gly Arg Asp 

85 , 90 

5 TGC ATC TCC TGC AAA TAT GGA CAG GAC TAT AGC ACT CAC 4 57 

Cys lie Ser Cys Lys Tyr Gly Gin Asp Tyr Ser Thr His 
95 100 105 

TGG AAT GAC CTC CTT TTC TGC TTG CGC TGC ACC AGG TGT 4 96 
10 Trp Asn Asp Leu Leu Phe Cys Leu Arg Cys Thr Arg Cys 

110 115 

GAT TCA GGT GAA GTG GAG CTA AGT CCC TGC ACC ACG ACC 53 5 
Asp Ser Gly Glu Val Glu Leu Ser Pro Cys Thr Thr Thr 
15 120 125 130 

. AGA AAC ACA GTG TGT CAG TGC GAA GAA GGC ACC TTC CGG 574 
Arg Asn Thr Val Cys Gin Cys Glu Glu Gly Thr Phe Arg 
135 140 145 

J 

GAA GAA GAT TCT CCT GAG ATG TGC CGG AAG TGC CGC ACA 613 
Glu Glu Asp Ser Pro Glu Met Cys Arg Lys Cys Arg Thr 

150 155 

25 GGG TGT CCC AGA GGG ATG GTC AAG GTC GGT GAT TGT ACA 652 

Gly Cys Pro Arg Gly Met Val Lys Val Gly Asp Cys Thr 
160 165 170 

CCC TGG AGT GAC ATC GAA TGT GTC CAC AAA GAA TCA GGC 691 
30 Pro Trp Ser Asp lie Glu Cys Val His Lys Glu Ser Gly 

175 180 



35 



ATC ATC ATA GGA GTC ACA GTT GCA GCC GTA GTC TTG ATT 730 
He He He Gly Val Thr Val Ala Ala Val Val Leu He 
185 190 195 
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GTG GCT GTG TTT GTT TGC AAG TCT TTA CTG TGG AAG AAA 769 
Val Ala Val Phe Val Cys Lys Ser Leu Leu Trp Lys Lys 
200 205 210 

5 GTC CTT CCT TAC CTG AAA GGC ATC TGC TCA GGT GGT GGT 808 

Val Leu Pro Tyr Leu Lys Gly lie Cys Ser Gly Gly Gly 

215 220 

GGG GAC CCT GAG CGT GTG GAC AGA AGC TCA CAA CGA CCT 847 
10 Gly Asp Pro Glu Arg Val Asp Arg Ser Ser Gin Arg Pro 

225 230 235 

GGG GCT GAG GAC AAT GTC CTC AAT GAG ATC GTG AGT ATC 886 
Gly Ala Glu Asp Asn Val Leu Asn Glu lie Val Ser lie 
15 240 245 

TTG CAG CCC ACC CAG GTC CCT GAG CAG GAA ATG GAA GTC 925 
Leu Gin Pro Thr Gin Val Pro Glu Gin Glu Met Glu Val 
250 255 260 

20 

CAG GAG CCA GCA GAG CCA ACA GGT GTC AAC ATG TTG TCC 964 
Gin Glu Pro Ala Glu Pro Thr Gly Val Asn Met Leu Ser 
265 270 275 

25 CCC GGG GAG TCA GAG CAT CTG CTG GAA CCG GCA GAA GCT 1003 

Pro Gly Glu Ser Glu His Leu Leu Glu Pro Ala Glu Ala 

280 285 

GAA AGG TCT CAG AGG AGG AGG CTG CTG GTT CCA GCA AAT 1042 
30 Glu Arg Ser Gin Arg Arg Arg Leu Leu Val Pro Ala Asn 
290 295 300 

GAA GGT GAT CCC ACT GAG ACT CTG AGA CAG TGC TTC GAT 1081 
Glu Gly Asp Pro Thr Glu Thr Leu Arg Gin Cys Phe Asp 
35 305 310 
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GAC TTT GCA GAC TTG GTG CCC TTT GAC TCC TGG GAG CGG 1120 
Asp Phe Ala Asp Leu Val Pro Phe Asp Ser Trp Glu Pro 
315 320 325 



5 CTC ATG AGG AAG TTG GGC CTC ATG GAC AAT GAG ATA AAG 1159 

Leu Met Arg Lys Leu Gly Leu Met Asp Asn Glu lie Lys 
330 335 340 

GTG GCT AAA GCT GAG GCA GCG GGC CAC AGG GAC ACC TTG 1198 
10 Val Ala Lys Ala Glu Ala Ala Gly His Arg Asp Thr Leu 

345 350 

TAC ACG ATG CTG ATA AAG TGG GTC AAC AAA ACC GGG CGA 1237 
Tyr Thr Met Leu He Lys Trp Val Asn Lys Thr Gly Arg 
15 355 360 365 

GAT GCC TCT GTC CAC ACC CTG CTG GAT GCC TTG GAG ACG 1276 
Asp Ala Ser Val His Thr Leu Leu Asp Ala Leu Glu Thr 
370 375 

20 

CTG GGA GAG AGA CTT GCC AAG CAG AAG ATT GAG GAC CAC 1315 
Leu Gly Glu Arg Leu Ala Lys Gin Lys lie Glu Asp His 
380 385 390 

25 TTG TTG AGC TCT GGA AAG TTC ATG TAT CTA GAA GGT AAT 1354 

Leu Leu Ser Ser Gly Lys Phe Met Tyr Leu Glu Gly Asn 
395 400 405 

GCA GAC TCT GCC WTG TCC TAAGTGTG ATTCTCTTCA GGAAGTGAGA 14 00 
30 Ala Asp Ser Ala Xaa Ser 

410 411 

CCTTCCCTGG TTTACCTTTT TTCTGGAAAA AGCCCAACTG GACTCCAGTC 14 50 



35 



AGTAGGAAAG TGCCACAATT GTCACATGAC CGGTACTGGA AGAAACTCTC 1500 
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CCATCCAACA TCACCCAGTG GATGGAACAT CCTGTAACTT TTCACTGCAC 1550 

TTGGCATTAT TTTTATAAGC TGAATGTGAT AATAAGGACA CTATGGAAAT 1600 

5 GTCTGGATCA TTCCGTTTGT GCGTACTTTG AGATTTGGTT TGGGATGTCA 1650 

TTGTTTTCAC AGCACTTTTT TATCCTAATG TAAATGCTTT ATTTATTTAT 1700 

TTGGGCTACA TTGTAAGATC CATCTACAAA AAAAAAAAAA AAAAAAAAAG 1750 

10 

GGCGGCCGCG ACTCTAGAGT CGACCTGCAG AAGCTTGGCC GCCATGGCC 1799 
(2) INFORMATION FOR SEQ ID NO: 3: 

15 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 70 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

20 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 
GGGAGCCGCT CATGAGGAAG TTGGGCCTCA TGGACAATGA GATAAAGGTG 50 

25 

GCTAAAGCTG AGGCAGCGGG 70 
(2) INFORMATION FOR SEQ ID NO:4: 

30 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

35 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4 
ATCAGGGACT TTCCGCTGGG GACTTTCCG 29 

5 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS : 
(A) LENGTH: 30 base pairs 
10 (B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5 

15 

AGGATGGGAA GTGTGTGATA TATCCTTGAT 30 
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WHAT IS CLAIMED IS: 

L. A method of modulating apoptosis in mammalian cells comprising 
exposing mammalian cells to Apo-2 polypeptide, said Apo-2 
polypeptide having at least about 80% amino acid sequence identity 
5 with native sequence Apo-2 polypeptide comprising amino acid 
residues 1 to 411 of SEQ ID NO:l. 

2. A method of modulating apoptosis in mammalian cells comprising 
exposing mammalian cells to an extracellular domain sequence of 
10 Apo-2 polypeptide comprising amino acid residues 54 to 182 of SEQ 
ID NO:l. 
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Abstract of the Disclosure 
Novel polypeptides/ designated Apo-2 # which are capable 
of modulating apoptosis are provided. Compositions including Apo-2 
chimeras, nucleic acid encoding Apo-2, and antibodies to Apo-2 are 
also provided. 
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Tumor Necrosis Factor Related Receptor, TR6 

This application is a contipiation-in-part application of U.S. Serial No: 
08/853,684, filed May 9, 1997jwhich claims the benefit of U.S. Provisional Application 
No: 60/041,230, filed March 14, 1997. 

FIELD OF INVENTION 

This invention relates to newly identified polynucleotides, polypeptides encoded by 

them and to the use of such polynucleotides and polypeptides, and to their production. 

More particularly, the polynucleotides and polypeptides of the present invention relate to 

Tumor Necrosis Factor Related family, hereinafter referred to as TR6. The invention also 

relates to inhibiting or activating the action of such polynucleotides and polypeptides. 

* 

BACKGROUND OF THE INVENTION 

Many biological actions, for instance, response to certain stimuli and natural biological 
proc es s e s, are controlled by factors, such as cytokines. Many cytokines act through receptors 
by engaging the receptor and producing an intracellular response. 

For example, tumor necrosis factors (TNF) alpha and beta are cytokines which act 
through TNF receptors to regulate numerous biological processes, including protection against 
infection and induction of shock and inflammatory disease. The TNF molecules belong to the 
TNF-figand" superfimfly, and art together with their receptors or counter-ligands, the "TNF- 
receptor" sujperfimOy. So fir. nine members of the TNF ligand superfamily have been 
identified and ten members of the TNF-receptor superfamily have been characterized. 

Among the ligands there are included TNF-o, lymphotoxiiwx (LT-o, also known as 
TNF-PX LT-0 (found in complex heterotrimer LT<t2-0X FasL, CD40L, CD27L, CD30L, 4- 
1BBU OX40L and nerve growth fictor (NGF)). The superfimily of TNF receptors includes 
the p55TNF receptor, p75TNF receptor, TNF receptor-related protein, FAS antigen or APO- 
1, CD40, CD27, CD30, 4-1BB, 0X40, low affinity p75 and NGF-receptor (Meager, A., 
Biologicals, 22:291.295 (1994)). 

Many members of the TNF-figand superfamily are expressed by activated T-ceDs, 
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implying that they are necessary for T<dl imcracrions with other ccD types wMch und 
ontogeny and functions. (Meager, A., supra). 

Considerable insist into the essential functions of several members of the TNF 
receptor family has been gained from the identification and creation of mutants that abolish the 
5 expression of these proteins. For example, naturally occurring mutations in the FAS antigen 
and its Iigand cause lymphoproliferative disease (Watanabe-Fukunaga, et aL f Nature 
356:314(1992)), perhaps reflecting a failure of programmed cell death. Mutations of the 
CD40 Iigand cause an X-Enked immunodeficiency state characterized by high levels of 
immunoghibulin M and low levels of immunoglobulin G in plasma, indicating faulty T-cdl- 

10 dependent B-ceD activation (Allen, &C. et aL, Science 259:990 (1993)). Targeted mutations 
of the low affinity nerve growth factor receptor cause a disorder characterized by faulty sensory 
innovation of peripheral structures (Lee, ICF. et al. Cell 69:737 (1992)). 

TNF and LT-a are capable of binding to two TNF receptors (the 55- and 75-kd TNF 
receptors). A large number of biological effects elicited by TNF and LT-a, acting through their 

1 5 receptors, include hemorrhagic necrosis of transplanted tumors, cytotoxicity, a role in 

endotoxic shock, inflammation, immunoregulation, proliferation and anti-viral responses, as 
weD as protection against the deleterious effects of ionizing radiation. TNF and LT-a are 
involved in the pathogenesis of a wide range of diseases, including endotoxic shock, cerebral 
malaria, tumors, autoimmune disease, AIDS and graft-host rejection (Beutler, B. and Von 

20 Huffel, C, Science 264:667-668 (1994)). Mutations in the p55 Receptor cause increased 
susceptibility to microbial infection. 

Moreover, an about 80 amino acid domain near the C-terminus of TNFR1 (P55) and 
Fas was reported as the "death domain," which is responsible for transducing signals for 
programmed cefl death (Tartaglia et aL, Cell 74:845 (1993)). 

25 The effects of TNF family ligands and TNF family receptors are varied and influence 

numerous functions, both normal and abnormal, in the biological processes of the mammalian 
system. There is a dear need, therefore, for identification and characterization of such 
receptors and ligands that influence biological activity, both normally and in disease states. In 
particular, there is a need to isolate and characterize novel members of the TNF receptor 

30 fiunily. 
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This indicates that these reccptws have an established, proven history as thcr^cutic 
targets. Qearfy there is a need for identification an^ 
can play a role m preventing; 

rrt itmrt^f tr> t chrome and acute inflammation, arthritis, septicemia, autoimmune diseases (c.g 
5 inflammatory bowd disease, psoriasis), transplant rqection, graft vs. host disease, infection, 
stroke, ischemia, acute respiratory disease syndrome, restenosis, brain injury, AIDS, Bone 
diseases, cancer (e.g. lymp ^proliferative disorders), atherosclerosis, and Alzheimers disease. 

10 SUMMARY OF THE INVENTION 

In one aspect, the invention relates to TR6 polypeptides and recombinant materials 
and methods for their production. Another aspect of the invention relates to methods for using 
suchTTLS polypeptides and polynucleotides. Such uses include the treatment of chronic and 
acute inflammation, arthritis, septicemia, autoimmune diseases (eg. inflammatory bowd 

15 disease, psoriasisX transplant rejection, graft vs. host disease, infection, stroke, ischemia, acute 
respiratory disease syndrome, restenosis, brain iigury, AIDS, Bone diseases, cancer (eg. 
lymph opi u lif b at ive disordersX atherosclerosis, and Alzheimers disease, among others. In still 
another aspect, the invention relates to methods to identify agonists and antagonists using 
the materials provided by the invention, and treating conditions associated with TR6 

20 imbalance wtah the identified compounds. Yet another aspect of the invention relates to 
ffin gnn«tig ■ wy* for rf^fgftng disease associated with inappropriate TR6 activity or levels. 

DESCRIPTION OF THE INVENTION 
Definitions 

25 The following definitions are provided to facilitate understanding of certain terms 

used frequently herein. 

TR5" refers, among others, to a polypeptide comprising the amino acid sequence 
set forth in SEQ ID NO:2, or an allelic variant thereof 

"Receptor Activity" or "Biological Activity of the Receptor" refers to the 
30 metabolic or physiologic function of said TR6 including similar activities or improved 

3 
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activities or these activities with decreased undesirable side-effects. Also included are 
antigenic and immunogenic activities of said TK6. 

'TR6 gene" refers to a polynucleotide comprising the nucleotide sequence set 
forth in SEQ ID NO: 1 or allelic variants thereof and/or their complements. 
5 «Anta»dies"asusedhereminchjdespolydon^ 

chimeric single chain, and huinamzed antibodies, as wett as Fab fr 
products of an Fab or other hiununoglobulin expression library. 

"Isolated" means altered "by the hand of man" from the natural state. If an 
"isolated" composition or substance occurs in nature, it has been changed or removed 
10 from its original environment, or both. For example, a polynucleotide or a polypeptide 
naturally present in a living animal is not "isolated," but the same polynucleotide or 
3 polypeptide separated from the coexisting niateriaU of its Mtural state is "isolated", as the 

q term is employed herein. 

"Potynudeotide" geheralry refers to any polyribonucleotide or 
H 15 polydeoxribonucleotide, which may be unmodified RNA or DNA or modified RNA or 

dna. "Polynucleotides" include, without limitation single- and double-stranded DNA, 
DNA that is a mixture of single- and double-stranded regions, single- and double-stranded 
3 RNA, and RNA that is mixture of single- and double-stranded regions, hybrid molecules 

j comprising DNA and RNA that may be single-stranded or, more typically, double- 

3 20 stranded or a mixture of single- and double-stranded regions. In addition, 

"polynucleotide" refen to triple-stranded regions comprising RNA or DNA or both RNA 
and DNA. The term polynucleotide also includes DNAs or RNAs containing one or more 
modified bases and DNAs or RNAs with backbones modified for stability or for other 
reasons. "Modified" bases include, for example, tritylated bases and unusual bases such as 
25 inosine. A variety of modifications has been made to DNA and RNA; thus, 

"polynucleotide" embraces chemically, enzymatically or metabolically modified forms of 
polynucleotides as typically found in nature, as well as the chemical forms of DNA and 
RNA characteristic of viruses and cells. "Polynucleotide" also embraces relatively short 
polynucleotides, often referred to as oligonucleotides. 
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"Polypeptide" refers to any peptide or protein comprising two or more amino acids 
joined to each other by peptide bonds or modified peptide bonds, Le., peptide isosteres. 
"Polypeptide" refers to both short chains, commonly referred to as peptides, oligopeptides 
or oligomers, and to longer chains, generally referred to as proteins. Polypeptides may 
5 contain amino adds other than the 20 gene-encoded amino adds. "Polypeptides" indude 
amino add sequences modified either by natural processes, such as posttranslational 
processing, or by chemical modification techniques which are well known in the art Such 
modifications are well described in basic texts and in more detailed monographs, as well as 
in a voluminous research literature. Modifications can occur anywhere in a polypeptide, 
1 0 including the peptide backbone, the amino add side-chains and the amino or carboxyi 
termini It will be appreciated that the same type of modification may be present in the 
J same or varying degrees at several sites in a given polypeptide. Also, a given polypeptide 

| may contain many types of modifications. Polypeptides may be branched as a result of 

j ubiquitination, and they may be cyclic, with or without branching. Cyclic, branched and 

j 1 5 branched cyclic polypeptides may result from posttranslation natural processes or may be 

made by synthetic methods. Modifications include acetylation, acylation, ADP- 
ribosylation, amidatipn, covalent attachment of flavin, covalent attachment of a heme 
moiety, covalent attachment of a nucleotide or nucleotide derivative, covalent attachment 
of a lipid or lipid derivative, covalent attachment of phosphotidylinositol, cross-linking, 
20 cyclirarion, disulfide bond formation, demethylation, formation of covalent cross-links, 
formation of cystine, formation of pyrogiutamate, formylation, gamma-carboxylation, 
glycosyiation, GPI anchor formation, bydroxylation, iodination, methyiation, 
myristoylation, oxidation, proteolytic processing, phosphorylation, prenylation, 
racemization, sdenoyiation, sulfation, transfer-RNA mediated addition of amino adds to 
25 proteins such as argin^ation, and ubiquitination. See, for instance, PROTEINS - 

STRUCTURE AND MOLECULAR PROPERTIES, 2nd Ed., T. E. Crrighton, W. H. 
Freeman and Company, New York, 1993 and Wold, F., Posttranslational Protein 
Modifications: Perspectives and Prospects, pgs. 1-12 in POSTTRANSLATIONAL 
COVALENT MODIFICATION OF PROTEINS, B. C. Johnson, Ed., Academic Press, 
30 New York, 1983; Seifter et aL, "Analysis for protein modifications and nonprotein 
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co&ctonr,M*tttEnxymol (1990) 182:626-646 and Rattan e/dl, "Protein Synthesis: 
Posttranslational Modifications and Aging", Ann NY Acad Set (1992) 663:48-62. 

"Variant" as the terra is used herein, is a polynucleotide or polypeptide that differs 
from a reference polynucleotide or polypeptide respectively, but retains essential 
properties. A typical variant of a polynucleotide differs in nucleotide sequence from 
another, reference polynucleotide. Changes in the nucleotide sequence of the variant may 
or may not aher the amino acid sequence of a polypeptide encoded by the reference 
polynucleotide. Nucleotide changes may result in amino acid substitutions, additions, 
deletions, fusions and truncations in the polypeptide encoded by the reference sequence, as 
discussed below. A typical variant of a polypeptide differs in amino acid sequence from 
another, reference polypeptide. Generally, differences are limited so that the sequences of 
the reference polypeptide and the variant are closely similar overall and, in many regions, 
identical. A variant and reference polypeptide may differ in amino acid sequence by one or 
more substitutions, additions, deletions in any combination. A substituted or inserted 
aznino add residue may or may not be one encoded by the genetic code. A variant of a 
polynucleotide or polypeptide may be a naturally occurring such as an allelic variant, or it 
may be a variant that is not known to occur naturally. Non-naturally occurring variants of 
polynucleotides and polypeptides may be made by mutagenesis techniques or by direct 
synthesis. 

Identity* is a measure of the identity of nucleotide sequences or amino acid 
sequences. In general, the sequences are aligned so that the highest order match is 
obtained. "Identity* per se has an an-recognized meaning and can be calculated using 
published techniques. See, e.g.: (COMPUTATIONAL MOLECULAR BIOLOGY, Lesk, 
AM., ed, Oxford University Press, New York, 1988; BIOCOMPUTING: 
INFORMATICS AND GENOME PROJECTS, Smith, D.W., ed., Academic Press, New 
York, 1993; COMPUTER ANALYSIS OF SEQUENCE DATA PART I, Griffin. AM., 
and Griffin, H.G.. eds., Humana Press, New Jersey, 1994; SEQUENCE ANALYSIS IN 
MOLECULAR BIOLOGY, von Heinje, G., Academic Press, 1987; and SEQUENCE 
ANALYSIS PRIMER, Gribskov, M. and Devereux, J., eds., M Stockton Press, New 
York, 1991). While there exist a number of methods to measure identity between two 
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polynucleotide or polypeptide sequences, the term "identity 1 ' is well known to skilled 
artisans (Carillo, H, and Upton, D., SUM J Applied Math (1988) 48:1073). Methods 
commonly employed to determine identity or similarity between two sequences include, 
but are not limited to, those disclosed in Guide to Huge Computers, Martin J. Bishop, ed., 
5 Academic Press, San Diego, 1994, and Carillo, H., and Lipton, D., SUM J Applied Math 
(1988) 48: 1073. Methods to determine identity and similarity are codified in computer 
programs. Preferred computer program methods to determine identity and similarity 
between two sequences include, but are not limited to, GCS program package (Devereux, 
J., etaL f Nucleic Acids Research (1984) 12(l):387) f BLASTP, BLASTN, FASTA 

10 (Aftacfaul, S J. et aL t JMolec Biol (1990) 215:403). 

As an illustration, by a polynucleotide having a nucleotide sequence having at least, 
for example, 95% "identity" to a reference nucleotide sequence of SEQ ID NO: 1 is 
intended that the nucleotide sequence of the polynucleotide is identical to the reference 
sequenc e except that the polynucleotide sequence may include up to five point mutations 

15 per each 100 nucleotides of the reference nucleotide sequence of SEQ ID NO: 1. In other 
words, to obtain a polynucleotide having a nucleotide sequence at least 95% identical to a 
reference nucleotide sequence, up to 5% of the nucleotides in the reference sequence may 
be deleted or substituted with another nucleotide, or a number of nucleotides up to 5% of 
the total nucleotides in the reference sequence may be inserted into the reference 

20 s eq u ence. These mutations of the reference sequence may occur at the 5 or 3 terminal 
positions of the reference nucleotide sequence or anywhere between those terminal 
positions, interspersed either individually among nucleotides in the reference sequence or 
in one or more contiguous groups within the reference sequence. 

Similarly, by a polypeptide having an amino acid sequence having at least, for 

25 example, 95% "identity" to a reference amino acid sequence of SEQ ID NO:2 is intended 
that the amino add sequence of the polypeptide is identical to the reference sequence 
except that the polypeptide sequence may include up to five amino acid alterations per 
each 100 amino acids of the reference amino acid of SEQ ID NO: 2. In other words, to 
obtain a polypeptide having an amino acid sequence at least 95% identical to a reference 

30 amino acid sequence, up to 5% of the amino acid residues in the reference sequence may 
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be deleted or substituted with another amino acid, or a number of amino acids up to 5% of 
the total amino arid residues in the reference sequence may be inserted into the reference 
sequence. These alterations of the reference sequence may occur at the amino or carboxy 
terminal positions of the reference amino acid sequence or anywhere between those 
terminal positions, interspersed either individually among residues in the reference 
sequence or in one or more contiguous groups within the reference sequence. 

Polypeptide! of the Invention 

In one aspect, the present invention relates to TR6 polypeptides. The TR6 
polypeptides include the polypeptides ofSEQ ID NOS:2 and 4; as weO as polypeptides 
canprismg tlie ainmo acid seo^ 

amino add sequence which have at least 80% identity to that of SEQ ID NO:2 over its 
entire length, and still more preferably at least 90% identity, and even still more preferably 
at least 95% identity to SEQ ID NO: 2. Furthermore, those with at least 97-99% are 
highly preferred. Also included withmTW polypeptides « 
amino add sequence which have at least 80% identity to the polypeptide having the amino 
add sequence of SEQ ID NO: 2 over its entire length, and still more preferably at least 
90% identity, and even still more preferably at least 95% identity to SEQ ID NO: 2. 
Furthermore, those with at least 97-99% U9 highly preferred. Preferably TR6 
polypeptides exhibit at least one biological activity of the receptor. 

The TR6 polypeptides may be in the form of the "mature" protein or may be a part 
of a larger protein such as a fusion proton. It is often advantageous to include an 
additional amino add sequence which contaiiu secmory or leader sequences, pro- 
sequences, sequences which aid in purification such as multiple histidine residues, or an 
additional sequence for stability during recombinant production. 

Fragments of the TR6 polypeptides are also included in the invention. A fragment is 
» porvpeptide having an amino add sequence ttot entirely U the same as pa^ 
«amo add sequence of the afpremeimonedTTWpolypeptidei As with TR6 polypeptides, 
fragn^m^^undin^ 

•P« or regies most preferably u a sn^ Representative examples of 



GH-5000S-I 

polypqiri frigmffttt nf thg invention, include, for example, fragments from about amino acid 
number 1-20, 21-40, 41-60, 61*80, 81-100, and 101 to the end of TR6 polypeptide. In this 
context "about" includes the particularly recited range* larger or sn^^ 
1 "ntnft acid at either or at both extremes. 
5 Preferred fragments include, for example, truncation polypeptides having the amino 

acid sequence of TR5 polypeptides, except for deletion of a continuous series of residues that 
jprhiHf* the amino terminus, or a contin uous series of residues that includes the carboxyl 
terminus or deletion of two continuous series of residues, one including the amino terminus and 
one including the carbox^ terminus. Also preferred are fragments characterized by structural 

10 or functional attributes such as fragments that comprise alpha-hefix and alpha-helix forming 
regions, beta-sheet and beta-sheet-fonning regions, turn and turn-forming regions* coil and 
coil-forming regions, hydrophiEc regions, hydrophobic regions, alpha amphipathic regions, beta 
amphtpathic regions, flexible regions, surface-forming regions, substrate binding region, and 
high antigenic index regions. Other preferred fragments are bfologicalfy active fragments. 

15 Biologically active fragments are those that mediate receptor activity, including those with a 
similar activity or an improved activity, or with a decreased undesirable activity. Also included 
are those that are antigenic or immunogenic in an animal, e sp e ci al ly in a human. 

Preferably, all of these polypeptide fragments retain the ttolopcal activity of the 
receptor, including antigenic activity. Among the most preferred fragment is that having the 

20 "tynn Maj sgqyeiK*ofSEQIE>Nfl'4 Vtrianti of the defined sequence and fragments also 
form part of the present invention. Preferred variants are those that vary from the referentsby 
conservative amino add substitutions — Le., those that substitute a residue with another of like 
rhuTirtrrijticf "typical such substitutions are among Ala, Val, Leu and Be; among Ser and 
Hit; am on g the acidic residues Asp and Glu; among Asn and Gin; and among the basic residues 

23 Lys and Arg; or aromatic residues Phe and Tyr. Particularly pref erred are variants in which 
several, 5-10, 1*5, or 1-2 amino acids are substituted, deleted, or added in any combination. 

The TR6 polypeptides of the invention can be prepared in any suitable manner. Such 
polypeptides include isolated naturally occurring polypeptides, recombinant^ produced 
polypeptides, synthetically produced polypeptides, or polypeptides produced by a combination 

30 of these methods. Means for preparing such polypeptides are weQ understood in the art. 
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Polynucleotides of the Invention 

Another aspect of the invention relates to TR6 polynucleotides. TR6 polynucleotides 
include isolated polynucleotides which encode the TR6 polypeptides and fragments, and 
5 polynucleotides closely related thereto. More specifically, TR6 polynucleotide of the 
invention include a polynucleotide comprising the nucleotide sequence set forth in SEQ ID 
NO: 1 encoding a TR6 polypeptide of SEQ ID NO: 2, and polynucleotides having the particular 
sequences of SEQ IDNOS: 1 and 3. TR6 polynucleotides further include a polynucleotide 
comprising a nucleotide sequence that has at least 80% identity to a nucleotide sequence 

1 0 encoding the TR6 polypeptide of SEQ ID NO:2 over its entire length, and a 

polynucleotide that is at least 80% identical to that having SEQ ID NO: 1 over its entire 
length. In this regard, polynucleotides at least 90% identical are particularly preferred, and 
those with at least 95% are especially preferred. Furthermore, those with at least 97% are 
highly preferred and those with at least 98-99% are most highly preferred, with at least 99% 

15 being the most preferred. Also included under TR6 polynucleotides are a nucleotide 

sequence which has sufficient identity to a nucleotide sequence contained in SEQ ID NO: 1 
to hybridize under conditions useable for amplification or for use as a probe or marker. 
The invention also provides polynucleotides which are complementary to such TR6 
polynucleotides. 

20 TR6 of the invention is structurally related to other proteins of the Tumor Necrosis 

Factor Related £unfly f as shown by the results of sequencing the cDNA encoding human TR6. 
The cDNA sequence of SEQ ID NO: 1 contains an open reading frame (nucleotide numbers 94 
to 1329) encoding a polypeptide of 41 1 amino ad& of SEQ ID NO:2. The amino acid 
sequence ofTable 1 (SEQ ID NO.2) has about 58% identity (using GAP (From GCG )) in 41 1 

25 amino add residues with DR4, the receptor for the Iigand TRAIL. (Pan,G., ORourkeJC, 
ChmnaiyanAM., GentzJL, EbnerJL, NiJ. and Dixit, VM, Sdence 276, 111-113 (1997)). 
The nudeotide sequence ofTable 1 (SEQ ID NO: 1 ) has about 70% identity (using GAP (from 
GCG)) in 1335 nudeotide residues with DR4, the receptor for the iigand TRAIL. TR6 
contains a death domain (amino adds 290 to 324 in SEQ ID NO:2) which is 64% identical to 

30 the death domain of the human Death receptor 4 (DR4) (Pan,G., ORourkeJC, 

10 
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CbinnaiyaivVM., GcatzJL, Ebner,R, NU. and Dixit, VM, Science 276, 111-113 (1997)X 
35.7% identical to the death domain of the human Death receptor 3 (DR3) (AJvl Chinnaiyan, 
et al. Science 274 (5289), 990-992 (1996)), 32.7% identical to the death domain of human 
TNFR-1, and 19.6% identical to the death domain of CD95 (Fas) (I Cascino, J. Immunol 1S4 
5 (6), 2706-2713 (1995)). 



Table 1' 



1 CTTTGCGCCC ACAAAATACA CCGACOATGC CCOATCTACT TTAAOO0CTQ 

51 AAACCCACGO GCCTGAGAGA CTATAAGXGC OTTCCCTACC OCCATOGAAC 

» 

101 AACGGGGACA GAACGCCCCG GCCGCTTCGG GGOCCCOGAA AAGOCACGGC 

151 CCAGGACCCA GGGAGGCOCG GGGAGCCAGO CCTGGGCCCC 6GGTCCCCAA 

201 OACCCTTOTO CTCGTTOTCG CCGCGOTCCT GCTOTTGGTC TCAOCTGAGT 

251 C TO CTCTQAT CACCCAACAA GACCTAGCTC CCCAOCAGAO AOCGGCCCCA 

301 CAACAAAAGA GOTCCAOCCC CTCAGAGOOA TTOTGTCCAC CTGGACACCA 

351 TATCTCAOAA GACOOTAOAO ATTOCATCTC CTGCAAATAT gOACAOOACT 

401 ATAOCACTCA aTGGAATOAC CTCCTTTTCT GCTTGCGCTO CACCAGGTOT 

451 GATTCAGGTG AAGTGQAGCT AAGTCCCTOC ACCACGACCA GAAACACAGT 

501 GTOTCAOTCC GAAGAAgGCA CCTTCCGGGA AGAAGATTCT CCTOAOATOT 

551 GCCOOAAOTO CCGCACAOGG TGTCCCAgAG GGATGCTCAA GOTCGGTGAT 

«01 TOTACACCCT GGAGTOACAT CGAATGTGTC CACAAAOAAT CAGOCATCAT 

651 CATAgOAGTC ACAGTTGCAO CCGTAGTCTT GATTGTGGCT GTGTTTGTTT 

701 OCmAgTCTTT ACTGTGGAAg AAAOTCCTTC CTTACCTGAA AGGCATCTGC 

751 TCAOGTGGTO GTGGGGACCC TGAGCGTGTO GACAGAAOcT CACAACGACc 
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a OX TGOGGCTGAO OACAATGTCC TCAATGAOAT COTOAOTATC 7T0CA0CCCX 

851 CCCAGGTCCC TGAGCAGGAA ATGGAAGTCC AGGAOCCAOC AOAOCCAACA 

901 GGTOTCAACA TCTTOTCCCC CGOGOAGTCA GAGGATCTGC TGOAACCGOC 

951 AOAAOCTGAA AGCTCTOU3A GOAGOAGGCT OCT OG TT C C A QCAAATGAAO 

1001 GTGATCCCAC TGAGACTCTO AGACAGTGCT TCGATGACTT TGCAGACTTO 

10S1 OTGCCCTTTO ACTCCTGOOA gCCgCTCATO AOOAAOTTGO OCCTCATGGA 

1101 CAATgAOATa aaGGTCGCTA AAOCTQAOOC AOCGOGCCAC A0GGACACCT 

1151 TOTACACGAT CCTGATAAAO TGGGTCAACA AAACCOGOCO AOATOCCTCT 

1201 GTCCACACCC TGCTGGATGC CTTGGAGACG CTGGGAGAGA GACTTQCCAA 

1251 OCAQAAQATT OAOOACCACT TQTTGAGCTC TGGAAAQTTC ATGTATCTAO 

1301 AAOGTAATGC AGACTCTGCC ATOTCCTAAfl TCTOATTCTC TTCAOOAAOT 

1351 CAOACCTTCC CTGOTTTACC TTTTTTCTGG AAAAAOCCCA ACTOOACTCC 

1401 AOTCAOTAOO AAAGTOCCAC AATTOTCACA TGACCG07AC TGOAAOAAAC 

1451 TCTCCCATCC AACATCACCC ACTGGATGOA ACATCCTOTA A C TTTTCACT 

1501 OCACTTCOCA TTATTTTTAT AAGCTGAATO TGATAATAAO GACACTATGG 

1551 AAATOTCTOO ATCATTCCOT TTOTOCOTAC TTTOAgATTT GGTTTGGGAT 

1601 OTCATTOTTT TCACACCACT TTTTTATCCT AATCTAAATO CTTTATTTAT 

1«51 TTATTTOOOC TACATTGTAA gATCCATCTA CACACTCGTT CTCCCACTTC 

1701 ACTTOATACT ATATGATATG AACCTTTTTT OOGTOGGGOO TGCGGGGCAg 

1751 TTCACTCTGT CTCCCACCCT OGAOTGCAAT GOTOCAATCT TOOCTCACTA 

1801 TASCCTTGAC CTCTCAOOCT CAAOCGATTC TCCCACCTCA GCCATCCAAA 
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1851 TAGCTGGGAC CACAGGTGTG CACCACCACO CCCGOCTAAT TTTTTGTATT 

1901 TTOTCTAgAT ATAGGGGCTC TCTATCTTOC TCAOGOTOGT CTCgAATTCC 

1951 TGGAcTCAAO CAGTCTOCCC ACcTCAOAcT CCCAAAGCGO TGGAATTAOA 

200.1 GOCGTOAGCC CCCATOcTTG gCCTTACcTT TcTACTTTTA TAATTCTCTA , 

2051 TGTTATTATT TTATGAACAT. GAAGAAACTT TAGTAAATGT ACTTGTTTAC 

2101 ATAOTTATOT GAATAQATTA GATAAACATA AAAGGAGOAO ACATACAATO 

2151 GGOOAAGAAO AAGAAGTCCC CTGTAAGATQ TCACTOTCTO OOTTCCACCC 

2201 CTCCCTCAGA TOTACTTTCG CTTCAATGAT TGGCAACTTC TACAGGGGCC 

2251 AGTCTTTTGA ACTGGACAAC CTTACAACTA TATQAGTATT ATTTATAGGT 

2301 AJ3TT0TTTAC ATATGAGTCG GGACCAAAGA GAACTOGATC CACOTGAAOT 

2351 CCTQTQT Q TQ OCTGOTCCCT ACCTOGGCAG TcTCATTTGC ACCCATAGCC 

2401 CCCATCTATO GACAGOCTGG GACAGACGCA GATOGOTTAG ATCACACATA 

2451 ACAATACGOT CTATOTCATA TCCCAAGTGA ACTTGAOCCC TGTTTGGGCT 

2501 CAOGAGATAO AAOACAAAAT CTGTCTCCCC ACOTCTGCCA TGGCATCAAG 

2551 GGGOAAGAGT AGATGGTGCT tGAGAATGGT GTGAAATGGT TGCCATCTCA 

2601 GGAGTAGATO OCCCGCCTCA CTTCT GG TT A TCtCTCACCC TG^GCCCAtG 

2C51 AGCTOCcTTT TAGGGTACAO ATTGCCTACT TGAGGACCTT GOCCOCTCTG 

2701 TAAOCATCTO ACTCATCTCA GAAATOTCAA TTCTTAAACA CTGTOOCAAC 

2751 AOGACCTAOA ATGGCTGACO CATTAAGGTT TTCTTcTTGT GTCCTGTTCT 

2801 ATTAtTGTTT TAAGACCTCA OTAACCATTT CAGCCTCTTT CCAGCAAACC 
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2831 CTTCTCCATA GTATTTCAG? CATGOAAGGA TCATTTATGC AGGTAGTCAT 

2901 TCCAGGAGT? TTTGCTCTT? TCTGTCTCAA GGCATTGTGY GTTtTCTTCC 

2951 GCG^CTOOTT TGGGTGGGAC AAAGTTAOAA TTGCCTGAAO ATcAcACATY 

3001 CAOACTOT&O TOTCTGTGGA GTTTTAGGAG TGGGGGGTGA CCTTTcTGGT 

3031 CTftCcAcTT CCATCcTcTC CCAcTTCCAT cTOGCATCCC CACGcGTTOT 

3101 CCCcTCCAcT TcTGGAAGGC ACAGGGTGCT GCTC*CTTCCT GGTCTTTGCC 

31S1 TTTGCTCGGC cTTCTGTGCA GGACGCTCAO CCTCAGGGC? CAGAAGGTOC 

3201 CAGTCCGGTC CCAGGTCCCT TGTCCCTTCC ACAGAGGCCT TCcTAOAAGA 

3231 TGCATCTAGA OTGTCAGCC? TATCAGTGT? TAAGATTTTT CTTTTATTTT 

3301 TAATTTTTTT GAGACAOAA? CTCACTCTCT CGCCCAGGCT GOAGTGCAAC 

3331 GGTACGATCT 7GGCTCAGTG CAACCTCCGC CTCCTGGGTT CAAGCGATTC 

3401 TCOTOCCTCA GCCTCCOGAG TAGCTGGGAT TGCAGGCACC CGCCACCACG 

3051 CCTGGCTAAT TTTTGTATTT TTAGTAGAGA CGGGGTTTCA CCATGTTGOT 

3301 CAGGCTOGTC TCGAACTCCT GACCTCAGGT GATCCACNTT GGCCTCCGAA 

3551 AGTGCTGOOa tatacanggc GTGAGCCACC AGCCAGGCCA AGATATTNTT 

3501 HTAAAGNMAO CTTCCGGANG ACATOAAATA ANGGGGGGTT TTOTTGTTTA 

3551 OTAACATTNG GCTTTGATAT ATCCCCAGGC CAAATKGCAN GNGACACAGG 

'3701 ACAOCCATAO TATAGTGTGT CACTCOTGGT TGGTGTCCTT TCATGGTTcT 

3731 OCCCTOTCAA AGGTCCCTAT TTGAAATGTO TTATAATACA AACAAOGAAG 

3801 CACATTGTGT ACAAAATACT TATGTATTTA TGAATCCATG ACCAAATTAA 

3651 ATATC2AAACC TTATATAAAA AAAAAAAAAA A 
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0 A nucleotide sequence of a human TR6. (SEQ ID NO: I). 
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An amino acid sequence of a human TR6. (SEQ ID NO: 2). 



One polynucleotide of the present invention encoding TR6 may be obtained using 
standard cloning and screening, from a cDNA library derived from ml^ 
human thymus stromal cells, monocytes, peripheral blood lymphocytes, primary dendritic, and 
bone marrow cells using the expressed sequence tag (EST) analysts (Adams, M.D., et aL 
Science (1991) 252:1651-1656; Adams, MJ>. etaL, Nature, (1992) JJ5:632-634; 
Adams, MD. t etaL, Nature (1995) 377 Supp:3-i74). Polynucleotides of the invention 
can also be obtained from natural sources such as genomic DNA libraries or can be 
synthesized using well known and commercially available techniques. 

The nucleotide sequence encoding TR6 polypeptide of SEQ ID N0 2 may be 
identical to the polypeptide encoding sequence contained in Table 1 (nucleotide number 94 
to 1329 of SEQ ID NO:l), or h may be a sequence, which as a result of the redundancy 
(degeneracy) of the genetic code, also encodes the polypeptide of SEQ ID NO:2. 

When the polynucleotides of the invention are used for the recombinant production 
of TR6 polypeptide, the polynucleotide may include the coding sequence for the mature 
polypeptide or a fragment thereof; by itself; the coding sequence for the mature polypeptide or 
fragment in reading frame with other coding sequences, such as those encoding a leader or 
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secretory sequence, a pre-, or pro- or prepro- protein sequence; or other fusion peptide 
portions. For example, t marker sequence which ffcilhates purification of the fused 
polypeptide can be encoded. In certain preferred embodiments of this aspect of the invention, 
the marker sequence is a hexa-histidine peptide, as provided in the pQE vector (Qiagen, Inc.) 
5 and described in Gentz ei aL t Proc Natl Acad Sd USA (1989) 86:821-824, or is an HA tag. 
The polynucleotide may also contain non-coding 5* and 3' sequences, such as transcribed, non- 
translated sequences, splicing and polyadenylation signals, ribosome binding sites and 
sequences that stabilize mRNA 

Further preferred embodiments are polynucleotides encoding TR6 variants comprising 
1 0 the amino acid sequence of TR6 polypeptide of Table 1 (SEQ ID NO:2) in which several, 
5-10, 1-5, 1*3, 1-2 or 1 amino acid residues are substituted, deleted or added, in any 
combination Among the preferred polynucleotides of the present invention is contained in 
^ Table 3 (SEQ ID NO: 3) encoding the amino acid sequence of Table 4 (SEQ ID NO: 4). 

Table 3* 



1 ATGXCCTCCT TTTCTGCTTG CGCTGCACCA GCTGTGATTC AGGT6AAGTG 

51 CAGCTAAGTC CCTGCACCAC GACCAGAAAC ACAGTGTGTC AGTGCGAAGA 

101 AgGCACCTTC CGGGAAGAAG ATTCTCCTGA GATCTGCCGG AAGTGCCGCA 

1S1 CACCCTCTCC CAgAGCGAIG GTCAAGGTCC CTGATTGTAC ACCCTGGACT 

201 CACAXCGAAI GTCTCCACAA AGAATCACGC ATCATCAXAg GAGTCACAGT 

251 TGCAGCCGTA GTCTTGATTG TGGCTGTGTT TGTTTGCtAy TCTTTACTGf 

301 CGAAgAAXGT CCTTCCTTAC CTGAAAGGCA TCTGCTCAGG TGGTGGTCGG 

351 GACCCTGAGC GTCTGGACAG AAGcTCACAA CGACcTGGGO CTGXGGACAA 

401 TGTCCTCAAT GACAXCGTCA CTATCTTGCA GCCCACCCAO CTCCCTCAGC 

451 AGGAAATGGA AGTCCAGGAG CCAGCAGAGC CAACAGGTCT CAACATGTTG 

501 TCCCCCGGGG ACTCAGAfiCA TCTGCTGGAA CCCGCAGAAG CTGAAAGGTC 
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tGA£AGCAG9 ACCCTCC7CC TTCCAGCAAA TGAAGGTGAX CCCACTGACSA 
CTCTGAGAOV GTGCYtCGA? CACmGCAG ACTTGGTGCC CTT?GRCTCC 
TCCCAgCCgCo TCATGACCAA CTTCCCCCYC A?SGftCAA?g AGATaoaGC? 
GGCTAAAGCY GAGGCAGCGG GCCACAGGGA CACCTYGTAC ACGfttGCTGA 
?AAAG?GGGT CAACAAAACC CCCCCACATC CCTCtCTCCA CACCCTCCTG 
GATCCCTTCC AG&CGCYGGG AGAGAGACT? GCCAAGCAGA AGATTGAGGA 
CCACtTCTtG AGCTCTGCAA ACTTCATCTA TCTACAACCY AATGCAGAC? 
CTGCCAIGTC CTAACTCTCSA TTCTCTTCAG GAACTCACAC CTTCCCTCCt 
TTACCmiT TCtCCAAAAA GCCCAACTGG ACYCCACYCA CTACCAAAC? 
GCCACAATTG TCACATGACC GGTACTGGAA CAAACTCTCC CATCCAACAY 
CACCCAGTGG A? 

c A partial nucleotide sequence of a human TR6. (5EQ ID NO: 3). 

1 DIXrajlCYR CD3G2V2LSP CTTTWITVCO CEEGTFRZED spehcrkcr? 

51 GCPRGJVKVG DCTFWSDIEC VKKESCIIIC VTVAAWLIV AVFVCKSIXW 

101 JCCVLPYLKCI CSGGGGDPEA VDRSSQRPCA EDNVLNEIVS ILQPTQVPEQ 

151 EHEVQEPAEP TGVNK1SPGE SEHLLEPA2A ERSQRRRLLV PAHECDPTS? 

201 tROCFDDFAD tVTTOSTJEPL KJUOGLMDNE IKVAKAEAAG HRDTLY7KLI 

251 KtJVHKTGftOA SVHTLUDALE TtCERUUCQtC IEDHLL33CK fWYLEGMADS 
301 AKS» 

a A partial amino add sequence of a humanTRS. (SEQ ID NO: 4). 
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The present invention farther relates to polynucleotides that hybridize to the herein 
abova-described sequences. In this regard, the presemimrntwnespeckty relates to 
polynucleotides which hybridize under stringent conditions to the herein above-described 
polynucleotides. As herein used, the term "stringent conditions" means hybridization will occur 
only if there is at least 95% and preferably at least 97% identity between the sequence! 

Polynucleotides of the invention, which are identical or sufficiently ^ntiral to a 
nucleotide sequence contained in SEQ ID NO:l or a fragment thereof including that of SEQ 
ID NO:3, may be used as hybridization probes for cDNA and genomic DNA, to isolate full- 
length cDNAs and genomic clones encoding TR6 and to isolate cDNA and genomic clones of 
other genes that have a high sequence similarity to Such hybridization 

techniques are known to those of sldD in the art Typically these nucleotide sequences ire 80% 
identical, preferably 90% identical, more preferably 95% identical to that of the referent The 
probes generally will comprise at least 15 nucleotides. Preferably, such probes win have at least 
30 nucleotides and may have at least 50 nucleotide! Particularly prefoTed probes will range 
15 between 30 and 50 nucleotides. 

In one embodiment, to obtain a polynucleotide encoding TR6 polypeptide comprises 
the steps of screening an appropriate library under stringent hybridization conditions with a 
labeled probe having the SEQ ID NO: 1 or a fiagment thereof; including that of SEQ ID 
NO: 3, and isolating fall-length cDNA and genomic clones containing said polynucleotide 
20 sequence. Such hybridization techniques are well known to those of skill in the art thus in 
another aspect, TR6 polynucleotides of the present invention farther include a nucleotide 
sequence comprising a nucleotide sequence that hybridize under stringent condition to a 
nucleotide sequence having SEQ ID NO: 1 or a fragment thereof including that of SEQ ID 
NO:3. Also mduded with TR6 polypeptides are polyp^p^ 
encoded by nucleotide sequence obtained by the above hybridization condition. Stringent 
hybridization conditions are as defined above or alternatively conditions under overnight 
incubation at 42°C in a solution comprising: 50% formamide, 5xSSC (lSOmMNaO, I5mM 
trisodium citrate), 50 mM sodium ph 

wl&te, and 20 miaogram/ml denatured, sheared salmon sperm DNA, followed by washing the 
30 filters in 0. Ix SSC at about 65°C. 
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The polynucleotides and polypeptides of the present invention may be employed as 
research reagents and materials for discovery of treatments and diagnostics to animal and 
human rt iyf* 

Vectors, Host Ceils, Expression 

The present invention also relates to vectors which comprise a polynucleotide or 
polynucleotides of the present invention, and host cells which are genetically engineered with 
vectors of the invention and to the production of polypeptides of the invention by recombinant 
techniques. Cell-free translation systems can also be employed to produce such proteins using 
RNAs derived from the DNA constructs of the present invention. 

For recombinant production, host cells can be genetically engineered to incorporate 
expression systems or portions thereof for polynucleotides of the present invention. 
Introduction of polynucleotides into host cells can be effected by methods described in many 
standard laboratory manuals, such as Davis et aL, BASIC METHODS IN MOLECULAR 
BIOLOGY (1986) and Sambrook et aL, MOLECULAR CLONING: A LABORATORY 
MANUAL. 2nd Ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. (1989) 
such as calcium phosphate transfecrion, DEAE-dextran mediated transection, transvection, 
microinjection, cationic lipid*mediated transfection, electroporation, transduction, scrape 
loading, ballistic introduction or infection. 

Representative examples of appropriate hosts include bacterial cells, such as 
streptococci, staphylococci, E colt, Streptomyces and BccilJus subdlis cells; fungal cells, such 
as yeast cefls and Aspergillus cells; insect cells such as Drosophila S2 and Spodoptera $B 
ceils; animal ceOs such as CHO, COS, HeLa, C127, 3T3, BHK, HEX 293 and Bowes 
melanoma cells; and plant cells. 

A great variety of expression systems can be used. Such systems include, among 
othen, chromosomal, episomal and virus-derived systems, e.g., vectors derived from bacterial 
plasmids, from bacteriophage, from transposons, from yeast episomes, from insertion elements, 
from yeast chromosomal elements, from viruses such as baculoviruses, papova viruses, such as 
SV40, vaccinia viruses, adenoviruses, fowl pox viruses, pseudorabies viruses and retroviruses, 
and vectors derived from combinations thereof such as those derived from plasmid and 
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bacteriophage genetic ele m e nt s, such as cosnrids and phagemids. The expression systems may 
contain control regions that regulate as well as engender expression. Generally, any system or 
vector suitable to maintain, propagate or express polynucleotides to produce a polypeptide in a 
host may be used. The appropriate nucleotide sequence may be inserted into 
5 system by any of a variety of well-known and routine techniques, such as, for example, those 
set forth in Sambrook et a/., MOLECULAR CLONING. A LABORATORY MANUAL (sipra). 

For secretion of the translated protein into the lumen of the endoplasmic reticulum, into 
the periplasms space or into the extracellular environment, appropriate secretion signals may 
be incorporated into the desired polypeptide. These signals may be endogenous to the 
10 polypeptide or they may be heterologous signals. 

If the TR6 polypeptide is to be expressed for use in screening assays, generally, it is 
preferred that the polypeptide be produced at the surface of the cell. In this event, the cells 
may be harvested prior to use in the screening assay. If TR6 polypeptide is secreted into 
the medium, the medium can be recovered in order to recover and purify the polypeptide; 
if produced intracelhilarly, the cells must first be lysed before the polypeptide is recovered. 

TR6 polypeptides can be recovered and purified from recombinant cell cultures by 
well-known methods including ammonium sulfite or ethanol precipitation, acid extraction, 
anion or cation exchange chromatography, phosphoceHulose chromatography, hydrophobic 
interaction chromatography, affinity chromatography, hydroxyiapatite chromatography and 
lectin chromatography. Most preferably, high performance liquid chromatography is employed 
for purification. Wefl known techniques for refolding proteins may be employed to regenerate 
active con form ati o n when the polypeptide is denatured during isolation and or purification. 

Diagnostic Assays 

This invention also relates to the use of TR6 polynucleotides for use as diagnostic 
reagents. Detection of a mutated form of TR6 gene associated with a dysfunction will provide 
a diagnostic tool that can add to or define a diagnosis ofa disease or susceptibility to a disea« 
which results from under-expression, over-expression or altered expression of TR6. 
Individuals canying niutations in the TR6 gene may be detected at the DNAlevdb^ 
of techniques. 
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Nucleic acids for diagnosis may be obtained fiom a subject's cells, such as from blood, 
urine, saliva, tissue biopsy or autopsy material The genomic DNA may be used directly for 
detection or may be amplified enzymatically by using PCR or other amplification techniques 
prior to analysis. RNA or cDNA may also be used in similar fashion. Deletions and insertions 
can be detected by a change in size of the amplified product in comparison to the normal 
genotype. Point mutations can be identified by l^bridi2ingaiiylifiedDNAtolabdedTR6 
nucleotide sequencei Perfectly matched sequences can be distinguished from mismatched 
duplexes by RNase digestion or by differences in melting temperatures. DNA sequence 
differences may also be detected by alterations in dectrophoretic mobility of DNA fragments in 
gels, with or without denaturing agents, or by direct DNA sequencing. See, e.g., Myers et oi, 
Science (1985) 230:1242. Sequence changes at specific locations may also be revealed by 
nuclease protection assays, such as RNase and S 1 protection or the chemical cleavage method. 
See Cotton et aL, Proc Natl Acad Set USA (1985) 85: 4397-4401. In another embodiment, an 
array of oligonucleotides probes comprising TR6 nucleotide sequence or fragments thereof 
can be constructed to condurt effid^ Array 
technology methods are well known and have general applicability and can be used to 
address a variety of questions in molecular genetics including gene expression, genetic 
linkage, and genetic variability. (See for example: MChee et al. t Science, Vol 274, pp 
61<W13 (1996)). 

The diagnostic assays offer a process for diagnosing or determining a susceptibility to 
chronic and acute inflammation, arthritis, septicemia, autoimmune diseases (e.g. inflammatory 
bowd disease, psoriasis), transplant rqection, graft vs. host disease, infection, stroke, ischemia, 
acute respiratory disease syndrome, restenosis, brain injury, AIDS, Bone diseases, cancer (eg. 
lymphoprofiferative disorders), atheroschlerosis, and Akheimers disease, through detection of 
mutation in the TR6 gene by the methods described. 

In addition, chronic and acute inflammation, arthritis, septicemia, autoimmune diseases 
(e.g. inflammatory bowel disease, psoriasis), transplant rqection, graft vs. host disease, 
infection, stroke, ischemia, acute respiratory disease syndrome, restenosis, brain injury, AIDS, 
Bone diseases, cancer (eg. tymphoproliferative disorders), atheroschlerosis, and Akheimers 
disease, can be diagnosed by methods comprising determining from a sample derived from a 
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subject an abnormally decreased or increased level of TR6 polypeptide or TR6 mRNA. 
Decreased or increased expression can be measured at the RNA level using any of the 
methods well known in the art for the quantitation of polynucleotides, such as, for 
example, PGR, RT-PCR, RNase protection, Northern blotting and other hybridization 
methods. Assay techniques that can be used to determine leveb of a protein, such as an TR6, 
in a sample derived from a host are well-known to those ofskiUmtheart Such assay methods 
include radioimmunoassays, competitive-binding assays, Western Blot analysis and ELISA 
assays. 

Chromosome Assays 

The nucleotide sequences of the present invention are also valuable for chromosome 
identification. The sequence is specifically targeted to and can hybridize with a particular 
location on an individual human chromosome. The mapping of relevant sequences to 
chromosomes according to the present invention is an important first step in correlating those 
sequences with gene associated disease. Once a sequence has been mapped to a precise 
chromosomal location, the physical position of the sequence on the chromosome can be 
correlated with genetic map data. Such data are found, for example, in V. McKusick, 
Menddian Inheritance in Man (available on line through Johns Hopkins University Welch 
Medical Library). The relationship between genes and diseases that have been mapped to the 
same chromosomal region are then identified through linkage analysis (coinheritance of 
physically adjacent genes). The differences in the cDNA or genomic sequence between 
affected and unaffected individuals can also be determined. If a mutation is observed in 
some or all of the affected individuals but not in any normal individuals, then the mutation 
is likely to be the causative agent of the disease. 

The 3' untranslated region of TR6 matches the 295 bp nucleotide sequence of a 
mapped EST (Genbank ID: D20151). This EST has been mapped by the Whitehead Institute 
to chromosome 8, 97.68 cR from the top of the Chromosome 8 linkage group 
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Antibodies 

The polypeptides of the invention or their fragments or analogs thereof or cells 
expressing them can also be used as immunogens to produce antibodies immunospecific for the 
TR6 polypeptides. The term i4 innnunospecific" means that the antibodies have substantial! 
greater affinity for the polypeptides of the invention than their affinity for other related 
polypeptides in the prior art 

Antibodies generated against the TR6 polyp^des <^ be obtained by administering 
the polypeptides or epitope-bearing fragments, analogs or cells to an animal, preferably a 
nonhuman, using routine protocols. For preparation of monoclonal antibodies, any technique 
which provides antibodies produced by cemtinuous cell line cuhuw can be used. Examples 
include the hybridoma technique (Kohler, G. and Milstein, C, Nature (1 975) 256:495-497), 
the trioma technique, the human B-cell hybridoma technique (Kozbor et aL, Immunology 
Today (1983) 4:72) and the EBV-hybridoma technique (Cole e/oi, MONOCLONAL 
ANTIBODIES AND CANCER THERAPY, pp. 77-96, Alan R Liss, Inc., 1985). 

Techniques for the production of single chain antibodies (U.S. Patent No. 4,946,778) 
can also be adapted to produce single chain antibodies to polypeptides of this invention Also, 
^genic mice, or other organisms including other mammals, may be used to express 

-ed antibodies. 

_r'm ' 

'■" n» above-described antibodies may be employed to isolate or to identify clones 
expressing the polypeptide or to purify the polypepticles by ammty (±rom^graphy. 

Antibodies against TR6 polypeptides may also be employed to treat chronic and acute 
inflammation, arthritis, septcemia, autoimmune diseases (eg. inflammatory bowel disease, 
psoriasis), transplant rejection, graft vs. host disease, infection, stroke, ischemia, acute 
respiratory disease syndrome, restenosis, brain injury, AIDS, Bone diseases, cancer (e.g. 
lymphoproliferative disorders), atheroschlerosis, and Alzheimerj disease, among others. 

Vaccines 

Another aspect of the invention relates to a method for inducing an immunological 
response in a mammal which comprises inoculating the mammal with TR6 polypeptide, or 
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a fragment thereof) adequate to produce antibody and/or T cell immune response to 
protect said animal from chronic and acute inflammation! arthritis; septicemia, autoimmune 
diseases (e.g. inflammatory bowd disease, psoriasis), transplant rejection, graft vs. host disease, 
infection, stroke, ischemia, acute respiratory disease syndrome, restenosis, brain injury, AIDS, 
5 Bone diseases, cancer (e.g. lymphoproliferative disorders), atheroschlerosis, and Alzheimers 
disease, among others. Yet another aspect of the invention relates to a method of inducing 
immunological response in a mammal which comprises, delivering TR6 polypeptide via a 
vector directing expression of TR6 polynucleotide in vivo in order to induce such ah 
immunological response to produce antibody to protect said animal from diseases. 
1 0 Further aspect of the invention relates to an immunological/vaccine formulation 

(composition) which, when introduced into a mammalian host, induces an immunological 
response in that mammal to a TR6 polypeptide wherein the composition comprises a TR6 
polypeptide or TR6 gene. The vaccine formulation may further comprise a suitable 
carrier. Since TR6 polypeptide may be broken down in the stomach, it is preferably 
administered parenterally (including subcutaneous, intramuscular, intravenous, intradermal 
etc. injection). Formulations suitable for parenteral administration include aqueous and 
non-aqueous sterile injection solutions which may contain anii-oxidants, buffers, 
bacteriostats and solutes which render the formulation instonic with the blood of the 
recipient; and aqueous and non-aqueous sterile suspensions which may include suspending 
agents or thickening agents. The formulations may be presented in unit-dose or multi- 
dose containers, for example, sealed ampoules and vials and may be stored in a freeze- 
dried condition requiring only the addition of the sterile liquid carrier immediately prior to 
use. The vaccine formulation may also include adjuvant systems for enhancing the 
immunogenicity of the formulation, such as oil-in water systems and other systems known 
in the art The dosage will depend on the specific activity of the vaccine and can be readily 
determined by routine experimentation. 

Screening Assays 

We have now discovered that TL2 of SEQ ID NO: 5 (otherwise tauwn as TOAIL, 
Immunity (6):673-682 (1995)) is a iigand of TR6. Thus, the TR6 polypeptide of the present 
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invention, and one of its ligands, TL2 may be employed in a screening process for compounds 
wfa^bmddiereceptor.oritsLgand, ^^M^to^^^m***** 
(antagonists) the receptor polypeptide of the present invention, or its ligand TL2. Thus, 

polypeptides of the invention may be used to assess the binding of small molecule substrates 
5 ^%^i*fbrexarnple,cel^ 

mixtures. ^"bstratesa^Bgandsii^ be natural substrate 

stmcturalorfi^onalmimetica. SeeCoIigane/ai,C«™, Protocols inlmmmohgy 

l(2):Chapter5(1991). 

TR6 polypeptides are responsible for many biological functions, including many 
5 pathologies. Accordingly, it is desirous to find compounds and drugs which stimulate TR6 on 
the one hand and which can inhibit the function of TR6 or ren^TR5 expressing cefls OT the 
otherhand. Antagonist* or agents which remove expressing cells, may be em^ 
vanetyoftherapeuticandprc^ 

m&aunaion, arthritis, septicemia, autoimmune diseases (e.g. inflammatory bowel disease, 
psonasu), transplant rejection, graft vs. host disease, infection, stroke, ischemia, acute 
respuatory diseue syndrome, restenosis, brain injury, AIDS, Bone diseases, cancer (e g. 
lymphoprolifeanve disorders), a^roschlerosis, and Alzheimer, disease. Agonists can be 
employed for ^erapeutc and prophylactic purposes for such conditions respond 
actrvanon of T cell, and other component, of the immune system, such as for treatment of 
c-ncerandAIDS. However, agonist, can also be employed for inappropn^ stimulation of T 
ecu, and other component, of the immune system which leads to down modulatioh of immune 
^w^therapeuticc^^^^ 
"^aartluioXse^ 

pson^X tnmsplantrejection, grail vs. hoa^rf^^^^ 

«» atheroschlerosi, and 

T^i: {TUt0 ™^^^^ Su^blecdl-free^ 
^^^byoneofs^theart Forex^HUSA fbrmatnuybe 
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domainofTR6, is immobilized on & suitable surface, either dkecdy or indi^ 
antibody to TR6) and candidate compounds are identified by their ability to block binding of 
purified TL2 to WS.Tht binding of TL2 to TR6 could be detected by using a label directly or 
indirectly associated with TL2. Suitable detection systems include the streptavidin 

5 horseradish peroxidase conjugate, or direct conjugation by a tag, e.g., fluorescein. Conversely, 
purified TU may be immobilized on a suitable suifice, and candidate compounds identified by 
their ability to block binding of purified TR6 to TL2. The binding of TM to TL2 could be 
detected by using t label directly or indirectly associated with TR6. Many other assay 
formats are possible that use the TR6 protein and its ligandi 

10 Suitable cell based assays may be readily determined by one of skffi 

general, such screening procedures involve producing appropriate cdls which express the 
receptor polypeptide of the present invention on the sur&ce thereof. Such cells include cdls 
from mammals, yeast, Drosophila or £ coti. Cdls expressing the receptor (or cell membrane 
containing the expressed receptor) are then contacted whh a known Egand, such as Hi. or 

i 5 test compound to observe binding, or stimulation or inhibition of a fiincrional response. The 
assays may simply test binding of a candidate compound wherein adherence to the cells 
bearing the receptor is detected by means of a labd directly or indirectly associated with 
the candidate compound or in an assay involving competition with a labeled competitor, 
such as the ligand TL2. Further, these assays may test whether the candidate compound 

20 results in a signal generated by activation of the receptor or its ligand (e.g. TL2)using 
detection systems appropriate to the cells bearing the receptor or its ligand and fusion 
proteins thereof at their surfaces. Typical fusion partners indude fusing the extracellular 
domain of the receptor or ligand with the intracellular tyrosine kinase domain of a second 
receptor. Inhibitors of activation are generally assayed in the presence of a known agonist, 

25 such as the ligand TL2, and the effect on activation by the agonist by the presence of the 
candidate compound is observed. Standard methods for conducting such screening assays 
are well understood in the art. 

pynmpW of potential TR6 antagonists include antibodies or, in some c as es , 
oligonudeotides or proteins which are dosely related to the ligand of the TR6, e.g., a fragment 

30 of the ligand TL2, or small molecules which bind to the receptor, or its ligand, but do not elicit 
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a response, so that the activity of the receptor is prevented Examples of potential TR6 
agonists inchideantibodes^ its ligand, such as TL2, or derivatives thereof; and 

small molecules that bind to TR6. These agonists will elicit a response mimicking all or pan of 
the response induced by contacting the native ligand. 

Hie nucleotide sequence of TL2 (SEQ ID NO:5) (published by Iraxnunex Research 
and Development Corporation, Seattle; Washington as TOT^elated apoptosis-inchicing ligand 
(TRAIL) TWiley SR, al. Immunity (S):673-682 (1995)) is as Mows. 



1 CCTCACTGAC TAIAAAAGAA TAGAGAAGGA AGGGCTTCAG TGACCGGCTG 

51 CCTOGCTGAC TTACAGCAGT CAGACTCTGA CAGGATCATG GCTATGATGG 

101 AGGTCCAGGG GGGACCCAGC CTGGGACAGA CCTGCGTGCT GATCGTGATC 

151 TTCACAGTCC TCCTGCACTC TCTCTCTCTC GCTGTAACTT ACGTCTACTT 

201 TACCAACGAG CTGAAGCAGA TGCAGGACAA GTACTCCAAA AGTGGCATTG 

251 CTTGTTTCTT AAAAGAAGAT GACAGTTATT GGGACCCCAA TGACGAAGAC 

301 AGTATGAACA GCCCCTGCTG GCAAGTCAAG TGGCAACTCC GTCAGCTCGT 

351 TAGAAAGATG ATTTTGAGAA CCTCTGAGGA AACCATTTCT ACAGTTCAAG 

401 AAAAGCAACA AAATATTTCT CCCCTAGTGA GAGAAAGAGG TCCTCAGAGA 

.451 GZAGCAGCTC ACATAACTGG GACCAGAGGA AGAAGCAACA CATTGTCTTC 

501 TCCAAACTCC AAGAATGAAA AGGCTCTGGG CCGCAAAATA AACTCCTGGC 

551 AAICATCAAG GAGTGGGCAT TCATTCCTGA GCAACTTGCA CTTGAGGAAT 

601 GCTGAACTGG TCATCCATGA AAAAGGGTTT TACTACATCT ATTCCCAAAC 

651 ATACTTTCGA TTTCAGGAGG AAATAAAAGA AAACACAAAG AACGACAAAC 

701 AAAXGGTCCA ATATATTTAC AAATACACAA GTTATCCTCA CCCTATATTG 

751 TTGATGAAAA GTCCTAGAAA TAGTTGTTGG TCTAAAjSATG CAGAATATGG 
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801 ACTCTATTCC AXCTATCAAG GGGGAATATT TGAGCTTAAG GAAAATGACA 

651 GAAXTTTTGT TTCTGTAXCA AATGAGGACT TGATAGACAt GGACCXTGAA 

901 CCCXCTTTTT TCGGGGCCTT TTTACTTGGC TAACTGACCT GGAAAGAAAA 

951 , XGCAAXAACC TCAAAGTGAC TATTCAGTTT TCAGGAXGAT ACACTATGAA 

1001 GATCTTTCAA AAAATCTGAC CAAAACAAAC AAACAGAAAA GAGAAAACAA 

1051 AAAAACCTCT ATGCAAICTG AGTAGAGCAG CCACAACCAA AAAATTCTAC 

1101 AACACACACT GTTCTCAAAG .TCACTCACTT ATCCCAACAA AATGAAAXTG 

1151 CTGAAAGATC TTTCAGGACT CTACCTCATA TCAffTTTGCT AGCAGAAATC 

1201 TAGAAGACTG TCAGCTTCCA AACATTAATG CAATGGTTAA CAXCTTCTGT 

1251 CTTTAXAAXC TACTCCTTCT AAACACTGTA GAAfiAAAGCG CAACAATCCA 

1301 TCTCTCAAGT ACTCTATCAC ACTACTAGCC TCCAGGTTTC CTTAAGGGAC 

1351 AACATCCTTA AGTCAAAAGA GAGAAGAGG C ACCACTAAAA GATCGCAGTT 

1401 TGCCTGG7GC AGTGGCTCAC ACCTGTAATC CCAACATTTT GGGAACCCAA 

1451 GGTGGGTAGA TCACGAGATC AAGAGATCAA GACCATAGTG ACCAACATAG 

1501 TGAAACCCCA TCTCTACTGA AAGTGCAAAA ATTAGCTGGG TGTCTTGGCA 

1551 CATCCCTCXA GTCCCAGCTA CTTGAGACCC TGAGCCAGGA GAATCCTTTG 

1«01 AACCCGGGAG GCACAGGTTG CAGTGTGCTG AGATCAXGCC ACTACACTCC 

1«51 AGCCTGGCGA CAGAGCGACA CTTGGTTTCA AAAAAAAAAA AAAAAAAAAA 

1701 CTTCAGTAAG TACGTGTTAT TTTTTTCAAT AAAATTCTAT TACAGTAXGT 
1751 CAAAAAAAAA AAAAAAAAA 
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The amino acid sequence of TL2 (SEQ ID NO:6) (piblishcd by Imniuncx Research 
and Development Corporation, Seattle, Washington as TNF-rdated apoptosis-inducing ligand 
(TRAIL) TW3ey SR» fij JasssEliU (6):673-682 (1995)) is as follows: 
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Prophylactic and Therapeutic Methods 

This invention provides methods of treating abnormal conditions such as, chronic and 
acme inflammation, artnrms, sepo^ 

disease, psoriasis), transplant rejection, graft vs. host disease, infection, stroke, ischemia, acute 
respiratory disease syndrome, restenosis, brain injury, AIDS, Bone diseases, cancer (e.g. 
rymphoproliferatrve disorders), atheroschJerosis, and Alzheimers disease, related to both an 
excess of and insufficient amounts of TR6 activity. 

If the activity of TR6 is in excess, several approaches are available. One approach 
comprises ad m i n i st e r ing to a subject an inhibitor compound (antagonist) as hereinabove 
described along with a pharmaceuticalry acceptable carrier m an amoumeflfectrve to inhibit 
activation by blocking binding of Bgands to the TR6. or by inhibiting a second signal, and 
thereby alleviating the abnormal condition. In another approach, soluble forms of TR6 
polypeptides jtai capable of binding the ligand in competition with endogenous TR6 may 
be administered Typical embodiments of such competitors comprise fragments of the 
TR6 polypeptide. 

In still another approach, expression of the gene encoding endogenous TR6 can be 
inhibited using expression blocking techniques. Known such techniques involve the use of 
antisenso sequences, either internally generated or separately administered. See, for 
example, O'Connor, JNeurochem (1991) 56:560 in OUaodeoxvnuel^i,.,. » 
I nhibitgn ftf rmm FTnmtion . CRC Press, Boca Raton, FL (1988). Alternatively, 
oBgonudebtides which form triple helices with the gene can be supplied. See, for' 
example. Leo «aL. Nucleic Acids Res (1979) 6:3073; Cooney etaL. Science (1988) 
241:456; Dervan t ,aL, Science (1991) 251:1360. These oligomers can be administered 
ptrse or the relevant oligomers can be expressed In vivo. 

For treating abnormal conditions related to an under-expression of TR6 and its activity 
several approach^ an, abo available 

therapeutically effective amount of a compound which activates TR5, Le., an agonist as 
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described above; in combination with a pharmaceutical^ acceptable carrier, to thereby alleviate 
the abnormal condition. Alternatively, gene therapy may be employri to effect the endogenous 
production of TR6 by the relevant cells in the subject For example, a polynucleotide of the 
invention may be engineered for expression in a replication defective retroviral vector, as 
discu s se d above. The retroviral expression construct may then be isolated and introduced into 
a packaging cell transduced with a retroviral plasmid vector containing RNA encoding a 
polypeptide of the present invention such that the imaging cell now produces infectious viral 
panicles containing the gene of interest These producer ceBs may be administered to a subject 
fisr engineering cefls fovhoand expression of the polypeptide in vno. For overview of gene 
therapy, see Chapter 20, Ctne Thereby and other MoUcular Gtmtic-based Therapeutic 
Approaches, (and references cited therein) in Human Molecular Genetics, T Strachan and AP 
O Read, BIOS Scientific Publishers Ltd (1996). Another approach is to administer a therapeutic 

£ amount of TR6 polypeptides in combination with * atftahfc pharrmcnitic al carrier. 

ff* 15 Formulation and Administration 

ru . . 

ifl Peptides, such as the soluble form of TR6 polypeptides, and agonist* and antagonist 

lj peptides or small molecules, may be formulated in combination with * mtahte ph»rw^m>iil 

^ carricr - Such formulations comprise a therapeutically effective amount of the polypeptide or 

U comp<nind > andaphannaceuticalfy Such earners include but 

g 20 « not limited to, saJine, 

thereof Formulation should suit the mode of administration^ is w 

«t IT* invention fcrtto 

contamen filed with one or more of the ingredients of the aforementioned compositions of the 
invenfioo. 

25 Polypeptides and other compounds of the present im^on inay be em|>lc^ alone or 

in con j u nc t i on with other compounds, such as therapeutic compounds. 

Preferred forms of systemic administration of the pharmaceutical compositions include 
injection, typically by intravenous injectioit Other mje<»on routes, sudi as sub« 
intramuscular, wmtraper^ 

30 incajdetrttmnucosalandtransde^ 
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fiuxdic adds or otto detergents. In addition, if property formulated in enteric or en ca p s ula te d 

frf iHiiirtwi nt nrmi nHmmatratjon mav also be possible. Administration of these compounds 

may also be topical and/or localized, in the form of saKea, pastes, gels and the like. 

The dosage range required depends on the choice of peptide, the route of 

5 administration, the nature of the formulation, the nature of to 

judgment of the attending practitioner. Suitable dosages, however, are in the range of 0.1-100 

Hg/lcg of subject. Wide variations in the needed dosage, however, are to be expected in view 

of the variety of compounds available and the differing efficiencies of various routes of 

administration. For example, oral administration would be expected to require higher dosages 

10 than administration by intravenous iqectioa Variations in these dosage levels can be adjusted 

lining standard empirical routines for optimization, as is weD understood in the art 

3 Polypeptides used in treatment can also be generated endogenous^ in the subject, in 

j treatmem modalities often referred to as "gene theraj^ as descnl)^ 

b example, cells from a subject may be engineered with a polynucleotide, such as a DNA or 

} 15 to encode a polypeptide «vh^ 

; vector. The cdls are then introduced into the subject 

i 

I 

; Fiamplrs 

J The examples below are carried out standard techniques, which are well known 

) 20 and routine to those ofskill in the art, except whae othenvise described in detail The 

examples illustrate; but do not limit theinventioa 
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Example 1 

Two ESTs (EST#1760054 and EST#1635744) with sequence similarity to the human 
TNF receptor were discovered in t commercial EST database. Analysis of the two nucleotide 
5 sequences (3,466 bp and 2,641 bp respecaveiyX revealed each was a partial sequence of the 
complete cDNA sequence, overlapping, with 100% identity, 2,226 bp at the nucleotide level 
Together, the two sequences encompassed this complete predicted cDNA sequence of 3,881 
bp, and encoded an open reading frame for a novel member of the TNF receptor super&mily 
and named TR6. The predicted protein is 411 amino acids long with a hydn^hote membrane 
10 spanning region indicating that at least one form of TR6b expressed « a membrane bound 
protein. Comparison of TR6 protein sequence, with other TNF receptor famDy proteins 
mdirttff that it has two of the cysteine-rich repeats characteristic of the extracellular domains 
of this family, and an intracellular death domain, 

15 

Northern blot of TR6. 

Various tissues and ceil lines were screened for mRNA expression by Northern blot 
RNA was prepared from ceUs and cell lines using Tri-Reagert (Molecular Research Center 

20 laboratory manual, 2nd Ed Cold Spring Harbor Lab Press, NY (1989)) and transfered to Zeta- 
probe nyfon membrane (Biorad, Hercules, CA.) via vacuum blotting in 25mM NaOh for 90 
m After neutralization for 5-10 minutes with IMtris-HCl, pH7.5 containing 3MNaCl, the 
blots were prebybridiied with 50% 

lOOmg/ml of sheared and dentured salmon sperm DNA for at least 30 min. At 42*C. cDNA 
25 probes were labeled with 32P-CTP by random priming (Statagene, La JoBa, CAX briefly 

denatured with 0.25M NaOH and added to the prehybridization solution. After a further 

incubation for at least 24h at 42°C, the blots were washed in high stringency conditions and 

exposed to X-ray film. 

Very high expression of TR6 RNA was detected in aortic endothelial cells. High 
30 expression was also d et e ct e d in monocytes. Low expression was detected in bone marrow and 
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CD4+ actiysted PBL*. Voy low, but detectable levels ofTR6 RNA was expressed m CD 19+ 
PBLt, CD 8+ PBLs (both ictivited and unstixnuiatedX and unstimulated CD4+ PBLs. 

In hematopoietic cell fines, low levds of TR6 RNA was expressed in HL60 
(promyelocyte), KGla (promyeloblast) and KG1 (myeloblast) ceD fines. Very low but 
detectable levels of TR6 RNA was expressed in U937 (monoblast) and THP- 1 (monocyte) cefl 
fines. 

The m^or RNA form is 3 .8 kb in size. 
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SEQUENCE LISTING 



n 

y 
1 



(1) GENERAL INFORMATION 

(1) APPLICANT: DEEN, KEITH C 
YOUNG, PETER R 

(ii) TITLE OP THE INVENTION: TUMOR 
RECEPTOR, TRS 



OSIS FACTOR RELATED 




(ill) NUMBER OP SEQUENCES: 6 

(iv) CORRESPONDENCE ADDREs/: 

(A) ADDRESSES: RATNER £ PRESTIA 
(8) STREET: P.O. 
(C) CITY: VALLEY 
<D) STATS: PA c 
<K> COUNTRY 
(F) ZIP: 194 

(v) CO MPUM READABLE FORM: 

(A) MEDIUM TYPE: Dlrtctt* 

(B) COMPUTER: IBM Compactbl* 

( C) /OPERATING SYSTEM: DOS 

m SOFTWARE: PaatSEQ for Window* Version 2.0 

/vl) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: TO BE ASSIGNED 

(B) PILING DATE: 22 -AUGUST- X997 

(C) CLASSIPICATIQN: Unknown 

(vti) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 09/853,684 

(B) PILING DATE: 09-MAY-1997 



36 



GH-5000M 

(viii) ATrOSttOY/ASENT INFORMATION: 

(A) NAMSt 9RSSTZA, PAUL F. 

(B) REGISTRATION NUMBSRt 23,031 

5 (C) R£FSREHC8/DOC13T NCMBSR: OH-5 

(1X) TTLKCQMKUNI CATION INFORMATION: 
(A) TBLSPBONB: 510*407-0700 
<B) TSLSFAXt 510-407-0701 
10 (C) TZLSXt 645169 

(2) INFORMATION P0R SBQ ID NO:l: 

j 15 (i) SBQOBNCS CHARACTERISTICS: / 

J (A) LSXnH: 3,881 ba«« p«ir» / 

k / 
I (B) TYPIt nucleic acid / 

t (C) STRAKDSDNSSS: ■ingle/ 

I (D) T0POL0CT: linear / 



(Xi) SBQOSNCS DXSCTTPTION: SEQ H> NO:l: 

CTTTOCGCCC ACAAAAtAOkyOOTACGATCC CCGATCIACT TTAAOGOCTO AAACCCAOM SO 

25 CCCTQAOAOA CTATAAOAOC CTTCCCTACC GCCATGGAAC AACOGOOACA GAA CC CCCOO 120 

GCOOCTTCQO OOQOCCOUU AAGOCACOOC CCAQOACCCA GGGAGGCOOO GGOAOCCAGO 180 

CCIOQGCCfcc QQCTOP XA X GA OXTmiU C 1 W I TUT0Q . COSCOGTCCT Q ClUnU/IC 240 

TCAOCTQAOT CTGCXCTGAT CACCCAACAA GACCTAOCTC CCCACCAOAO AGCOGCCCCA 300 

CAACAAAAQA QfT C CA OCCC CTCAGAGOGA TTOTOTCCAC CTCOACACCA TATCTCAOAA 350 

30 OAaXTIAOAO^aiQCATCrC CTOCAAATAT OOACAOOACT ATAOCACTCA ATCGAATQAC 420 

ciurrmyr ocrrococro caccaggtot gattcaooto aaotogacct aaotccctoc 4eo 

AOCACQMCA QAAACACAOT OTCTCAOTGC GAAQAAGOCA CCXTCCOOQA AGAAOAITCT 540 

CCTQAOAT3T OCCOOAAOTO CCOCACAGGO TC TC CCA QAO GGATGGTCAA OGTCOGTQAT 500 

TOXXpiCCCT OGAOTOACAT CGAATOTGTC CACAAAGAAT CAOGCATCAT CATAGGAOTC 560 

35 AOCTTCCAO LUJIAU IVn G A TT C T Q GCT GTQTTTffXTT OCAAOTCITT ACTOTQ G AAO 720 

jfcAOTCCTTC CTTACCTGAA AOOCATCTOC TCAOQT9CRQ GTGGGOACCC TGAGCGTGTO 780 
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10 



15 



20 



25 



30 



GACAOMOCT 
TTQCMCCCA 
OOTQTCAACA 
AOOTCTCAaX 
AOACM2TOCT 
AO6M0TPQQ 
ACOGACACCT 
CTOCACACCC 
OA0SACCACT 
ATQTCCTAAO 
AAJUUkGCCCA 
TQGAAGAAAC 
OCACTTGGCA 
ATCATTCCOT 
TTTTTATCCT 
CACAGTOTTT 
TGCGGGOCAG 
TACCCTTQAC 
CACAGGTOTO 
TCTAIGTTOC 
CCCAAAGCGG 
TAACTCTGtA 
ATAOTTATtTT 
AAQAAGTCCC 
CTTCAATGAX 
TA3GAQTATT 
CAO3TC2AA0T 
CCCATCtATCJ 
CTATOTCAIA 

crgrcrcccc 



CACAACGACC 
OCCAGGTCCC 

wr r g t c cce 

QQAflQAGGCT 
TCQATOACTT 
GCCTCATGGA 
TGTACACGAT 
TGCTGCATGC 
TGTIGAGCTC 
TGTGATTCTC 
ACTOGACTCC 
TCTCCCATCC 
TTATTTTTAT 
TTGTCCCTAC 
AATOTAAATG 
GTCOSACXTC 
TTCACTCTCT 
CTCTCAOOCT 
CACCACCACG 
TCAGGGTGGT 
TGGAAXTAGA 
TOTTATTATT 
OAAXAGATTA 
CTGTAAOATO 

ATTTATA 



TGGGGCTGAO 
TGAQCAGGAA 
COQGGAGTCA 
GCTGGTTCCA 
TGCAOACTTO 
CAATGAGATA 
GCTGATAAAG 
CTTGGAGACG 
TGGAAAGTTC 
TTGAGGAAGT 
ACTCAGTAGG 
AACATGACCC 
AAGCTGAATG 
TTTGAGATTT 
CnTATITAT 
ACTTGATACT 
CTCCCAGGCt 
GAAGCGATTC 

CTOGAAT 



GACAATGTCC 
ATGGAAGTCC 
GAGCATCTGC 
GCAAATGAAG 
GTGCCCTTTG 
AAGGTGGCTA 
TGGGTGAAGA 
CTGGGAGAGA 
ATGTATCTAG 

CAGAccrrcc 

AAAGTGCCAC 
AGTGGATGGA 
TGATAA* 

TTAT 
ATAT 



TCAA7GA0AT 
AGGAGCGAGC 
TOGAACCGGC 
GTGATCCCAC 
ACTCCTGGGA 
AAGCTGAGGC 
AAACCGGGCG 
GACTTGCCAA, 
AAGGTAA' 
CTGGTT^ACC 

atcctgta 
'gACACTATOG 
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ATTTATGC 



TGCCATCTCA 
AGCIQCCTXT 
ACTCATCTCA 
CATTAAGGTT 
CAGCCTCTTT 
AOOTAOTCAT 



TmTGTATT 
TGGACTCAAG 
CCGATGC7TG 
GAAGAAACTT 
AAAOGAGGAG 
GGTTCCAGCC 
AGTCTTTTGA 
ATATGAGTCG 
ACCTGGGGAO 
OATOGGTTAO 
TGTTTOGOCT 
GGOGAAGAGT 
GCCCGGCTCA 
ATTGCCTACT 
TTCTTAAACA 
GTCCTOTTCT 
CTTCTCCATA 
■ mmUL ' l ' lT 



CGTGAGTATC 
AGAOCCAACA 
AGAAGCTGAAy 

(to 

lTGCCTCT 
TT 

AGACTCTGCC 
TTTTTTCTGO 
TGACCGGTAC 
ACTTTTCACT 
AAATGTCTGG 
TCACAGGACT 
GATCCATCTA 
GGGTQGGGGO 
TGGCTGACZA 
TAGC7GOGAC 
ATAGGGGCTC 
ACCTCAOACr 
TGTACTTTrA 
ACTTGTTTAC 
GGGOAAOAAO 
TGTACTTTGO 
CTTACAAGTA 
GAACTGGATC 
ACCCATAGCC 
ACAATAGGGT 
AAGACAAAAT 
TGAQAATOOT 
TCTGTCACCC 
OGCCGCTCTG 
AGGACCTAGA 
TAAGACCTCA 
CATOGAAGGA 
GGCATTOTOT 
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crrnaTTCc 

CAQACTQTTO 
CCAXCCTCTC 
ACACGGTGCT 
5 CCTGAGGOCT 
TCCIAOAAGA 
TAATTTTTTT 
TGGCTCAOTO 
TAOCTGOOAT 

10 CGGOGTTTCA 
GGCCTCCOAA 
NTAAAGNNAO 
GCTTTQATAT 
CACt CO T QG T 

15 TTATAATACA 
ACCAAATTAA 



20 



OGGACTGGTT 
TOTCTOTGQA 
CCACXTCCAT 
GCTCSCXTCCT 
CAGAA30TOC 
TOCATCTAOA 
OAGACAGAAX 
CAACCTCCOC 
TCCAOOCA C C 
CCAJtRTOGT 
AGTGCTGGOA 
CTTCCOGANG 
ATCCCCAOOC 
TGGTGTCCTT 
AACAA9GAA0 
AXATOAAACC 



TOGGTGGGAC 
GTTTTA0OA0 
CTOGCATCCC 
GGTCTTTGCC 
GA0TCCGGTC 
OTOTCAGCCT 

crcAcrcTcr 

CTCCTGGGTT 
CGOCACCAOG 
CAGGCTOCTC 
TATACAAOGC 
ACATGAAATA 
CAAATNGCAlt 
TCATQOTTCT 
GACATFOTGT 
TTAXATAAAA 



AAAOTTAOAA 
TOGOGGGTOA 
CACOCOTTOT 
TTT8CTGGGC 
CCA00TCCCT 
TATOU3T3TT 
CGCCCAGOCT 
CAAOCGATTC 
CCTGGCTAAX 
TCOAACTCCT 
GTGACCCACC 
ANGGGGGGTT 
QNSAGACAGG 
GCCCTCTCAA 
ACAAAATACT 



ATCACACATT 
CTTTCCACIT 
TCIWAAOQ C 
GOACGCTCAO 
ACAGA 
CTTTTAT 



TTGCCTGAAO 
CCTTTCTGOT 
CCCCTOCACT 
CTTCTGTGCA 

TOTcccrrcc 

TAAflAl'iTI'l 
GOAGTGCAAC 
TCGTGCCTCA 
TnTGTATTT 
GACCTCAGGT QfcTCCACNTT 
AGATATTOTT 
TlX/l ' lUT/lA CTAACATTHQ 
TATACTGTOT 
lT TTOAAATGTO 
kTTTA TQAATCCAT3 



^0 
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(2) INFORMATION FOR SBQ IDy*10:2: 

(1) SKQOSNCS OORACrSSaST/CSi 

(A) LBW3TH: 411 amino/ 

(B) TYPE: amino ecid 

(C) 5T3tANDEDMSSSy4 ingle 

(D) TOPOLOGY: \jh*mr 
Ui) MOLBCULS T?PB: protein 



300 
30- 
3fl20 
3180 
3240 
3300 
3350 
3420 
3480 
3540 
3600 
3660 
3720 
3780 
3840 
3881 



(xi) 



DESCRIPTION: SSQ ID NO:2i 
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35 



Met Oiu Oln Arg Oly Oln Aen Ale Pro Ale Ale Ser Oly Ale Arg Lye 
1 / 5 10 1$ 

Hie Oly Pro Oly Pro Arg Qlu Ale Arg 01/ Ale Arg Pro Oly Pro 
20 25 30 

/Arg vel Pro Lys Thr Leu Vel Uu Vel Vel Ale Ale Vel Leu Leu Leu 
35 40 45 

Vel 8er Ale Olu Ser Ale Leu He Thr Oln Oln Aep Leu Ale Pro Oln 
50 55 60 
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IS 



20 



25 



30 



35 



40 



Oln Arg Ale Ala Pro OXn Ola Lye Arg Ser Ser Pro Ser Olu Oly Leu/ 
65 70 75 

Cys Pro Pro Oly Kit His lit Ser Olu Asp oly Arg Asp Cys lie fit 

85 90 W 

Cys Lys Tyr Cly Oln Asp Tyr Ser Thr Oln Trp Asa Asp Leu Leu Phe 

100 105 110^' 

Cys Leu Arg Cys Thr Arg Cys Asp Ser Oly Olu Vel Olu Lea Ser Pro 

115 120 125 > 

Cys Thr Thr Thr Arg Asn Thr vel Cys Ola Cys Glu Glu/oly Thr Phe 

130 135 140 

Arg Olu Olu Asp Ser Pro Olu Met Cys Arg Lys Cys .Arg Thr Oly Cys 
145 150 155 / 1«0 

Pro Arg Oly Met vel Lys vel Oly Asp Cys Thr Pro Trp Ser Asp lie 

165 170 / 175 

Glu cys Vel Kls Lys olu Ser Cly lie lie He Oly Vel Thr Vel Ale 

180 185 / 190 

Ale vel Vel Leu He Vel Ale Vel Phe Verl Cys Lys Ser Leu Leu Trp 

195 200 / 205 

Lys Lys Vel Leu Pro Tyr Leu Lys Ol/lle Cys Ser Oly Oly Oly Oly 

210 215 / 230 

Asp Pro Olu Arg Vel Asp Arg Server Oln Arg Pro Oly Ale Olu Asp 
225 230 / 235 240 

Asa Vel Leu Asn Olu Zle Vel/ser He Leu Ola Pro Thr Oln Vel Pro 

245 / 250 255 

Olu Ola Olu Met Olu Vel yOln Olu Pro Ale Olu Pro Thr Oly Vel Asn 

260 / 265 270 

Met Leu 8er Pro Oly /lu Ser Olu His Leu Leu Olu Pro Ale Olu Ale 

275 / 280 285 

Olu Arg Ser Ola Arg Arg Arg Leu Leu Vel Pro Ale Asa Olu Oly Asp 

290 / 295 300 

Pro Thr Olu tar Leu Arg Oln Cys Phe Asp Asp Phe Ale Asp Leu Vel 
305 / 310 315 320 

Pro Phe Asp Ser Trp Glu Pro Leu Met Arg Lys Leu Oly Leu Met Asp 

325 330 335 

Asa 01/ tie Lys vel Ale Lys Ale Olu Ale Ale Oly His Arg Asp Thr 

340 345 350 

Leu Ayr Thr Met Leu Zle Lys Trp Vel Asa Lys tar Oly Arg Asp Ale 
355 360 365 

Vel His Thr Leu Leu Asp Ale Leu Glu Thr Leu Oly Olu Arg Leu 
370 375 380 

Ale Lys Ola Lys Zle Glu Asp His Leu Leu Ser Ser Oly Lys Phe Met 
385 390 395 400 

40 
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Tyr Lau Olu OXy ton Ala Asp Sar Ala Mac Sar Sad 

405 4X0 4XX 



10 



(2) INFORMATION FOR SEQ ID NOi3i 

(i) SEQUENCE CHARACTERISTICS! 

(A) LENGTH: 1062 basa pairs 

(B) TYPE: nuclaic acid 
<C) STRANDSDNESS : singla 
(D) TOPOLOGY: Xinaar 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID /NO: 3: 



□ 

U 

ji 

3 
3 

u 
u 

0 

4 



15 



20 



25 



30 



35 



ATQACCTCCT 
CCTOCACCAC 
ATTCTCCtOA 
OTC5ATT0TAC 
GAOTCACAGT 
GGAAOAAAOT 
GTGTGGACAO 
OTATCTTOCA 
CAACAGGTGT 
CTOAAAOGTC 
CTCTGLAGACA 
TCATQAOOAA 
OCCACAOOOA 
CCTCT O TC CA 
AOATTQXOQA 
CTOCCATQTC 
TCTOOAAAAA 
OGTACTOGAA 



TTTCTGCTTO 
GACGAGAAAC 
GATGTOCCOO 
ACCCTQGAOT 
TOCAGCCGTA 
CCTTCCTTAC 
AAGCTGACAA 
CCCCACCCAO 
CAACATOTTO 
TCAOAOOAOO 
OTOCTTCQAT 
GTTGGOCCTC 
CACCTTCTAC 

CAca 



CGCTGCACCA 
ACAGTGTGTC 
AAGTGCCGGA 
GACATCGAAT 
GTCTTGATTG 
CTOAAAGOCA 
CGACCTGGGG 
GT© 
TCCCi 



'OATOCTGA 
GATGCCTTGO 
AOCTCTGOAA 
TTCTCTTCAfl 
ACTCCAOTCA 
CATCCAACAT 



GGTGTGAT 



PTOTCTT 



AOGAAATGOA 
AOTCAOAOCA 
TTCCAOCAAA 
ACTTGOTOCC 
AOATAAAGOT 
TAAAGTOGOT 
AGACOCTGOG 
AOTTCATOTA 
GAAOTCAGAC 
GTAOGAAAOT 
CACCCAGTOO 



AGGTGAAGTQ 

AoacACcrrc 

GAGAGGGATG 
AGAATGAOOC 
TGTTTGGAAG 
TGGTOGTGOO 
TOTCCTCAAT 
AOTCCACGAO 
TCTCCTOQAA 
TGAAGGTGAT 
CTTTQACTCC 
CGCTAAAOCT 
CAACAAAACC 
AGAGAOACTT 
TCTAOAAGOT 
CTTCCCTOOT 
OCCACAATTO 
AT 



GAGCTAAGTC 
CGGGAAGAAG 
GTCAAOQTCQ 
ATCATCATAO 
TCTTTACTGT 
GACCCTOAGC 
OAGATCOTGA 
CCAGCAOAGC 
CCOOCAGAAO 
CCCACTOAOA 
TGGGAGCCGC 
GAGGCAGCGG 
GGOCOAGATG 
GCCAAGCAOA 
AATGCAOACT 
TTACCTTTTT 
TCACATGACC 
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(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 303 amino acids 

(B) TYPE : amino acid 

(C) STRANDSDNESS: tingla 



60 
130 
X80 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
X020 
X062 
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15 



20 



25 



30 



33 



40 



(0) TOPOLOGY* 
(U) H0L8C0LS TYPS. proteia 

(xi) SKJ08HC. DSSOimOH, MB » *>'*« 

w « l.u Ph. cv — cy, - £ - «* ^ ~ 

Gltt Oly ^I^-OXU A, Ser >~ Olu Met If* - 

w „ oly cy. ox, - va Ly. - 

^ L w xi. - cy. - -p - oxu s.^v n. «. - y 

" 70 , tjM n. v.1 «4» V.1 Ph. v.1 Cy. Hf» 

v.1 Thr v.l Al. v.l vu Le« »• ^ „ 

85 tVt Leu Ly. Oly «• ^ ser 

s.r M u. Trp for. «*• v.1 M fro j/r Leu ^ 



105y 



11* 

oly Al. olu A.p A.a v«l Leu 

no '»» 



120 



My My «, n. - « « - S *" 

Olu Il» V.1 Ser He Leu Ola Pro 

140 

Glu V.1 Ola Olu Pro Al. Olu Pro 

ISO 



Thr Gin v.1 Pro Olu Oln Olu/Met 
iso / 

Oly Olu ser Olu Hi. Leu Leu Olu 

170 175 
S.r Ola Arg Arg Arg Leu Leu V.l Pro Al. 

185 190 
Leu Arg Ola Cy. Phe Asp A.p Phe 

205 



145 

Thr Oly v.1 A.a Met Leu/Ser Pro 
165 

Pro Al. OlU Al. OlUy 
.MP 

Aea Olu Oly Aep/ro Thr Olu Thr 



H. Aap lIu /, Pro Ph. Aep Mr Trp Olu Pro Leu Met Arg Ly. Leu 



215 



a, ™ / « - - »• - « S 01 " 2 

/ 230 

3 " / ■ «. t l«u lie Ly. Trp Val A.n Ly. Thr 

Ei» A# A»p Thr Leu Tyr Thr Met Leu lie f ^ 



245 



250 



Xjp xl* ser val Hi. Thr Leu Leu A.p Ala Leu Olu Thr U. 



260 
Olu AT? Leu 

275 



265 



Ala Ly. Gin Ly. H. Glu Aap Ki. Leu L.u Ser Ser 



280 
42 
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Gly Lya Pha Mat Tyr Lau Olu Oly Aan Ala Asp Sar Ala Mat Sar 

230 295 300 

(2) INFORMATION FOR 3EQ ID NOi5: 
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(i) SEQUENCE CHARACTERISTICS 5 

(A) LENGTH t 1769 baaa pairs 

(B) TYPE i nudaic acid 

(C) STRANDEDNES3: singl* 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION t SEQ ID. NO: 5: 



15 CCTCACTGAC 
TTACAGCAGT 
CTGG6ACAGA 
GCTGTAACTT 
AGTCGCAXTG 
20 AGTATGAACA 
ATTTTGAGAA 
CCCCTAGTGA 
AGAAGCAACA 
AACTCCTGGG 
25 GGTGAACTGG 
TTTCAGGAGG 
AAATACACAA 
TCTAAAfiATG 
GAAAATGACA 
30 GCCAGTTTTT 
TCAAAGTGAC 
CAAAACAAAC 
CCACAACCAA 
AATGAAATTG 
35 TAGAAGACTq 
TACTCC 
ACT ACT- 
AC 

CCCAA 

40 TGA&CCCCA 
JffccCAGCTA 
TGTGGTG 



TATAAAAGAA 
CAGACTCTGA 
CCTGCGTGCT 
ACGTGTACTT 
U ' l ' UlIXU lT 
GCCCCTGCTG 
CCTCTGAGGA 
GAGAAAGAGG 
CATTGTCTTC 
AATCATGAAG 
TCATCCATGA 
AAAtAAAAGA 
GTTATCCTGA 
CAGAATATGG 

GAArrrrri 

TC 
T 



ITTCTAC 

r TCAGCTTCCA 
AAAGACTGTA 
TCCAGGTTTC 
GATCGCAGTT 
GGTGGGTAGA 
TCTCTACTGA 
CTTGAGAGGC 
AGATCATGCC 



TAGAGAAGGA 
CAGGATCATG 
GATCGTGATC 
TACCAACGAG 
AAAAGAAGAT 
GCAAGTCAAG 
AACCATTTCT 
TCCTCAGAGA, 
TCCV 
GAGTG 



TATATTG 
'CTATTCC 
TTCTGTAACA 
TTTAGTTGGC 
TCAGGATGAT 
CAGAAAACAA 
AACACACACT 
TTTCAGGACT 
AACATTAATG 
GAAGAAAGCG 
CTTAAGGGAC 
TGCCTGGTGC 
TCACGAGATC 
AAGTGCAAAA 
TGAGGCAGGA 
ACTACACTCC 



AGGGCTTCAG 
GCTATGATC 



'CC 
'GAAG 
'AGCAGCTC 
AAGAATGAAA 
TCATTCCTGA 
TACTACATCT 
AACGACAAAC 
TTGATGAAAA 
ATCTATCAAG 
AATGAGCACT 
TAACTGACCT 
ACACTATGAA 
AAAAACCTCT 
GTTCTGAAAG 
CTACCTCATA 
CAATGGTTAA 
CAACAATCCA 
AACATCCTTA 
AGTGGCTCAC 
AAGAGATCAA 
ATTAGCTGGG 
GAATCGTTTG 
AGCCTGGCGA 

43 



CCGGCTG 
AGGTCCAGGG 
TCCTGCACTC 
TGCAGGACAA 
GGGACCCCAA 
GTCAGCTCGT 



ACATAACTGG 
AGGCTCTGGG 
GCAACTTGCA 
ATTCCCAAAC 
AAATGGTCCA 
GTGCTAGAAA 
GGGGAATATT 
TGATAGACAT 
GGAAAGAAAA 
GATGTTTCAA 
ATGCAATCTG 
TGACTCACTT 
TCAGTTTGCT 
CATCTTCTGT 
TCTCTCAAGT 
AGTCAAAAGA 
ACCTGTAATC 
GACCATAGTG 
TCTGTTCGCA 
AACCCGGGAG 
CAGAGCGAGA 



CCTGGCTGAC 
GGGACCCAGC 
TCTCTGTCTG 
GTACTCCAAA 
TGACGAAGAG 
TAGAAAGATG 
AAATATTTCT 
GACCAGAGGA 
CCGCAAAATA 
CTTGAGGAAT 
ATACTTTCGA 
ATATATTTAC 
TAGTTGTTGG 
TGACCTTAAG 
GGACCATGAA 
AGCAATAACC 
AAAATCTGAC 
AGTAGAGCAG 
ATCCCAAGAA 
AGCAGAAATC 
CTTTATAATC 
AGTGTATCAC 
GAGAAGAGGC 
CCAACATTTT 
ACCAACATAG 
CAXGCCTGTA 
GCAGAGGTTG 
CTTGGTTTCA 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
1440 
1500 
1560 
1620 
1680 
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AAAAAAAAAA AAAAAAAXAA CTTCAGTAAG TACGTCTTAT TTTTTTCAAT AAAAXTCTAT 
TACAGTATGT CAAAAAAAAA AAAAAAAAA 

it) INrOWWTIOM FOR SEQ ID NOt 6: 

(i) SEQUENCE CHARACTERISTICS t 

(A) LENGTH: 281 amino acids 

(B) TYPEs amino acid 

(C) 3TRANDEDNE3S: single 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE! pro tain 



<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

15 Met Ala Mat Mat Glu Val Gin Gly Gly Pro Sar/Lau Gly Gin Thr Cys 
1 5 10 / 15 

Val Lau Ila Val He Phe Thr Val Leu Led/Gin Sar Leu Cys Val Ala 

20 25 / 30 

Val Thr Tyr Val Tyr Phe Thr Asn GluyXeu Lys Gin Mat Gin Asp Lys 
20 35 40 / 45 

Tyr Sar Lya Sar Gly Ila Ala Cys /hm Leu Lya Glu Asp Asp Sar Tyr 

50 55 / 60 

Trp Asp Pro Asn Asp Glu Glu Ser Met Asn Ser Pro Cys Trp Gin Val 
65 70 / 75 80 

25 Lys Trp Gin Lau Arg Gin Lau Val Arg Lys Met Ila Leu Arg Thr Ser 
85 / 90 95. 

Glu Glu Thr He Sar Thr/Val Gin Glu Lys Gin Gin As n He Ser Pro 

100 / 105 110 

Lau Val Arg Glu Arg jSly Pro Gin Arg Val Ala Ala His He Thr Gly 
30 115 / 120 " 125 

Thr Arg Gly Arg sYr Asn Thr Leu Ser Sar Pro Asn Sar Lys Asn Glu 

130 / 135 140 

Lys Ala Lau Gl/ Arg Lys He Asn Ser Trp Glu Ser Ser Arg Ser Gly 
145 / 150 155 160 

35 His Sar Phe/1," *er Asn Leu His Leu Arg Asn Gly Glu Lau Val Ha 
165 170 175 

His Glu tfrs Gly Phe Tyr Tyr lie Tyr Sar Gin Thr Tyr Phe Arg Pha 

180 185 190 

Gin QlA Glu Ila Lys Glu Asn Thr Lys Asn Asp Lys Gin Met Val Gin 
40 / 195 200 205 

Tyrylle Tyr Lys Tyr Thr Sar Tyr Pro Asp Pro Ila Lau Lau Met Lys 
210 215 220 

44 
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S.r Aim Ar» A*n Ser Cy« Trp S.r lys A»p Al. Glu Tyr, 
225 230 235 

S.r lie Tyr Gin Sly Gly XI. »>«• Glu Ujj 
245 

5 Ph. V.1 S.r V.1 Thr A*n «i^<tff Uu II. A.p Het Atp HI. Glu Al. 

260 ^ 263 270 

S.r Ph. Ph.^i<Al. Ph« L.u Gly 

260 
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What is claimed is: 

An isolated polynucleotide comprising a nucleotide sequence that has at 
least 80%Ndentity to a nucleotide sequence encoding the TR6 polypeptide of SEQ ID 
NO* over\entire length; or a nucleotide sequence complementary to said nucleotide 
sequence. 

2. Tne^olynudeotide of claim I which is DNA or RNA 

3. The polynucleotide of claim 1 wherein said nucleotide sequence is at least 
80% identical to that contained in SEQ ID NO:l. 

4. The polynucleotide of claim 3 wherein said nucleotide sequence comprises 
the TR6polypep^deeiic«tog seVe^ contained in SEQ ID NO:l, 

5. The polynucleotide of\laim 3 which is polynucleotide of SEQ ID NO: 1. 

6. A DNA or RNA molecule\»mprising an expression system, wherein said 
expression system is capable of producing a\TR6 polypeptide comprising an amino acid 
sequence, which has at least 80% identity witlW polypeptide of SEQ ID NO:2 when said 
expression system is present in a compatible hosV cell. 

7. AhostcettcomprismgtheexpressioVsystemofclaim6. 

g. A process for producing a TR6 polypeptide comprising culturing a host of 
claim 7 under conditions sufficient for the production of Said polypeptide and recovering 
the polypeptide from the culture. 




■43 
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9.\ A process for producing a cell which produces a TR6 polypeptide thereof 
comprising transforming or transfecting a host cell with the expression system of claim 6 
such that the host caL under appropriate cuhure conditions, produces a 1R6 polypeptide. 



5 1 0. A TR6 polypeptide comprising an amino add sequence which is at least 

80% identical to the amino acid sequence of SEQ ID NO:2 over its entire length. 



□ 
» 
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1 K The polypeptide of claim 10 which comprises the amino add sequence of 
SEQIDNC 

12. antibody immunospecific for the TR6 polypeptide of claim 10. 

13. A method for the treatment of a subject in need of enhanced activity or 
expression of TR6 polypeptide of claim 10 comprising: 

(a) administering to the subject a therapeutically effective amount of an agonist 
to said receptor, and/or 

(b) providing t6 th^subjec^an isolated polynucleotide comprising a nucleotide 
sequence that has at leastio% iddrity to a nucleotide sequence encoding the TR6 polypeptide 
of SEQ ID NO:2 over hi entire lengkh; or a nucleotide sequence complementary to said 
nucleotide sequence in al form so as toWect production of said polypeptide activity in vivo. 



25 



14. A method w the treatmwof a subject having need to inhibit activity or 
expression of TR6 polypepti^ofdaim 1 ^comprising: 

(a) administering to the subjea therapeutically effective amount of an 
antagonist to said receptor, and/or 

(b) airinistering to the subject a nucIWc acid molecule that inhibits the 
expression of the nucleotide sequence encoding said! receptor, and/or 

(c) administering to the subject a therapeiitically effective amount of a 
polypeptide that competes with said receptor for its lig^d. 



50 
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15. AprocessfordiagnoangadiseMeorasusceptibilhytoadiscaseina 
subject related to expression or activity of TR6 polypeptide of claim 10 in a subject 
comprising: 

(a) \ determining the presence or absence of a mutation in the nucleotide 
5 sequence encoding said TR6 polypeptide in the genome of said subject; and/or 

(b) aWyangforthepreseiJceoramoumoftheTR6polypeptic^ 
sample derived fronYsaid subject. 
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16. A methodyfor identifying agonists to TR6 polypeptide of daim 10 
10 comprising: 

(a) contacting a cell which produces a TR6 polypeptide with a candidate 
compound; and \ 

(b) detennin ng whetta the candidate compound effects a signal generated by 
i of the TM polypeptide. 



IS 



acftvauo t 



17. Anagonisi 



(identified bytiie method ofjdaim 16. 



18. 

comprising: 



The method fo^4^emifyii^i^gonto to TR6 polypeptide of claim 10 



20 (a) contacting said a cell which produces a TR6 polypeptide with an agonist; 

and \ 

(b) determining whether the signal gener&te^by said agonist is diminished in 
the presence of a candidate compoi 



25 



19. An antagonist identified by the method of dainkl 8 





20. A recombinant host cell produced by the process of daim 9 or a membrane 
thereof expressing a TR6 polypeptide. 
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ABSTRACT OF THE DISCLOSURE 

TR6 polypeptides and polynucleotides and methods for producing such 
polypeptides by recombinant techniques are disclosed. Also disclosed are methods for 
utilizing TR6 polypeptides and polynucleotides in the design of protocols for the treatment 
of chronic and aaite inflammation, arthritis; septicemia, auto^ 
inflammatory bowdciise^ 

stroke, ischemia, acute respiratory disease syndrome, restenosis, brain injury, AIDS, Bone 
diseases, cancer (eg. lyrnphoproliferative'disordersX atherosclerosis, and Alzheimers disease., 
among others and diagnostic assays for such conditions. 



\ 



SEQUENCE LISTING 



(1) GENERAL INFORMATION 

(i) APPLICANT: DEEN, KEITH C 
YOCNO, PETER R 

(Li) TITLE 07 IBB INVENTION: TUMOR NECROSIS FACTOR RELATED 
RECEPTOR, TR6 

(111) NUMBER OF SEQUENCES: 6 

(iv) CORRESPONDENT ADDRESS: 

(A) ADDRESSES: RAINBR 6 FRESTXA 

(B) STREET: P.O. BOX 900 

(C) CITY: VALLEY FORCE 

(D) STATE: PA 
(B) COUNTRY: USA 
(F) ZIP: 19412 

(V) COMPUTER FKADABLB FORM: 

(A) MEDIUM TYPB: Di*X«tte 

(B) COMPUTER: IBM Conpatlbl* 

(C) OPERATING SYSTEM: DOS 

(D) SOFTWARE: PaitSEQ for windows version 2.0 

(vl) CURRIWT APPLICATION DATA: 

(A) APPLICATION NUMBER: TO BE ASSIGNED 

(B) FILING DATE: 22 -AUGUST- 1997 

(C) CLASSIFICATION : Unknown 

<vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER : Ot/153,684 

(B) FILING DATE: 09-MAY* 1996 



(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME i PRESTIA, PAUL F. 

(B) REGISTRATION NUMBER: 23,031 

(C) RE7ERSTCS/D0C3QET NUMBER: GH-S0008 

(lx) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 610-407-0700 

(B) TELEFAX: 610-407-0701 

(C) TELEX: 846169 



(2) INFORMATION FOR SBQ ID NOil: 

^ (i) SEQUENCE CHARACTERISTICS: 
j <A) tawiHi 3,881 but pair* 

3 (B) TYPE: nucleic acid 

^ (C) STRANDEDNESS : «isgl« 

fl (D) TOPOLOGY: li»ft*T 

H (ii) MOLECULE TYPE: cDNA 



60 



3 (xi) SEQUENCE DESCRIPTION: SSQ ID NO:l: 

a 
y 

U CTTTOCOCCC ACAAAAXACA CbGACGATOC CCGATCTACT TTAAOOGCTO AAACCCACGG 

^ OCCTOAOAOA CTATAAOAOC (/ lTC C CT A CC GCCATGOAAC AA C GGOQACA OAACOCCCCO 120 

OCUJ C T 1 UJQ OOQ CCCO QAA AAOOCACOOC CCAfiGACCCA OOQAQQCOCq QOGAOCCAGO 18.0 

CCTOOOCCCC OOOTCCCCAA GACCCTTOTO CTCGTTGTCO CCGCGOTCCT GCTGTTGGTC 240 

TCAOCIOAflT CIGCrCTOAT CACCCAACAA GACCTAGCTC CCCAGCAOAO. AOCOOCCCCA 300 

CAACAAAAQA OOTCCAOCCC CTCAGAOOOA TTOTOTCCAC CTOGACACCA TATCTCAflAA 360 

OACOGTAOAO AJTOCATCTC CTOCAAATAT OGACAOGA C T ATAGCACTCA ATGOAATGAC 420 

cmjrinm ocrxococro caccACcaror oattcaogtg aactogagct aactccctcc 480 

ACCACGACCA GAAACACAGT OTOrTCAOTCC GAAQAAQCCA CCTTCCOGGA AGAAOATTCT 540 

CCrOAQATOT OCCGGAAOTO CCGCACAGGG TGTCCCAGAfl GGATGOTCAA GGTCGGTGAT 600 

TCTACACCCT GGAGTQACAT COAATOTOTC CACAAAOAAT CAOGCATCAT CATAGOAGTC 660 

ACAfiTTOCAO LWI ' AUTLTl ' G AI ' ICTJ OCT GTOTTPCTTT GCAAGTCTTT ACTGTGGAAG 720 

AAAGTCCTTC CTTACCTGAA AGOCATCTOC TCAGGTGOTQ GTGOGGACCC TGAGCGTGTG 780 



X* 



GACAGAAGCT CACAACGACC TGGGGCTCAO CACAATCTCC TCAATOAGAT CCTGAGTATC 840 

TTOCAGCCCA CCCA GG TCCC TGAOCAGGAA ATGGAAGTCC AQGAGCCAGC AGAOCCAACA 900 

GOTOTCAACA T ttTO TCCC C CGGGGAOTCA GAGCATCTGC TGOAACCCGC AGAAGCTGAA 960 

AGGTCTCAOA GGAGGAGGCT GCTGGTTCCX GCAAATOAAG GTOATCCCAC TGAGACTCia 1020 

AfiACAGTOCT TOGASGACTT TGCAGACTTO GTCCCCnTG A C TC C I O GgA GCCGCTCAXO 1080 

MOXAOTTOO OCCICAT0GA CAATOAGATA AAGOTGGCIA AAOCTOAGGC AGCOOOCCAC 1140 

AGGGACACCT TOTACACGAT OCTGAXAAAO TGGGTCAACA AAACCGGOOO AGATGCCTCT 1200 

OTCCACACCC T0CT0OATGC CTTOGAGACO CTGGGAGAGA GACTTGCCAA GCAGAAGATT 1250 

QAOQACCACT TOTTOAGCTC TGGAAAGTTC ATCT A XCT A O AACGTAATCC ACACTCTOCC 1320 

ATGTCCTAAS TQTO A TTCTC TTCAGGAWT CAGACCTTCC CTGGTTTACC TTTTTTCTGG 1380 

AAAAAGCCCA ACTOOACICC AGTCAGIAOC AAAGT Q CC A C A A ' I TGT CA CA TOACCGOTAC 1440 

TOGAAGAAAC TCTCCCATCC AACATCACCC AGTGOATGOA AC A TCCTGT A ACTTTTCACT 1500 

OCACTTGGCA TXATXTTZAX AAGCXQAATO TGATAAXAAO OACACIATOO AAATCTCTGO 1560 

ATCATTCCOT TTUIGCGTAC TTTGAGATTT GGTITGOGAT GTCATTCTIT TCACAOCA C T 1(20 

_ TTTITATCCT AATOTAAATO CTTTATTTAT TTA3TTQ0GC TACAXTQTAA OATCCATCTA 1680 

D . . . . ' 

£Q GACAGTCGTT CT CCG AL ' l'lXJ ACTTGAXACT ATATGAIATG AACCTTCTTT GGGT9GGGGG 1740 

^ TCCOQQqCAO TTCACTCTOT CTCCCAOGCT GGAGTQCAAX OG T QCA ATCT TGQCTCACTA 1800 

K _ . _ 

(J| TAGCCTOAC CTCT CA QGCT CAAGCGATIC TCCCACCTCA GCCATCCAAA TAGCTGGGAC 1880 

CH CACAGQTOTG CACCACCAOO CCCGGCXAAT TTTTTOTATT TTGTCTAGAT ATAGGGOCTC 1920 



in 



TCZATGTIOC TCAGGOTQOT CTCGAATTCC TOGACTCAAG CAOTCTGCCC ACCTCAGACT 1980 
CCC AAAflCOG TOGAATTAGA GGCGTGAGCC CCCATGCTTG GCCTTACCTT TCTACTTTTA 2040 
TAATTCTOTA TOTXAttATT TTATGAACAT GAAGAAACTT TAGTAAATQT ACITGTTTAC 2100 



□ 

CO 

RJ ATAOTTATQT GAATAOAZTA GA7AAACATA AAAGGAGGAO ACATACAAT3 GGGGAAGAAG 2160 

fU AAQAAGTOCC CTOTAAGATO TCACIGTCTQ GGTTCCAOCC CTCCCTCAGA TGTACTTTGO 2220 

sO • 

^ CTTGAATGAX TOQCAACTTC TACAGOGGCC AGTCTTTTGA ACTGGACAAC CTTACAAGTA 2280 

TATOAGTATT ATTtATACCT AOTTGTXTAC ATATGAGTCG GGACCAAAGA GAACTGGATC 2340 

CACCTGAAOT CCTCTOTOTG OCTOGTCCCT AC C T OG GCAO TCTCATTTOC ACCCATAGCC 2400 

CCCATCIATO OACAGOCTGG GACAGAGGCA GATGGGTTAO ATCACACATA ACAATAGGGT 2460 

CTAXOTCAXA TCCCAAOTOA ACXTGACCCC TGTTTGGGCT CA0OAGATAG AAGACAAAAT 2520 

CTQTCTCCCC AOGTCTCCCA TGGCATCAAG OGGGAAGAOT AGATGOTGCT TGAGAATGGT 2580 

OTGAAATGGT TOCCATCTCA GGAGTAGATO GCCCGGCTCA CTTCTOGTTA TCTGT CA CCC 2640 

TGAOCCCATO AOCTGCCTTT TAGGGTACAG ATTGCCTACT TOAOGACCTT GOCCGCICT O 2700 

TAAOCATCTO ACTCATCTCA GAAATGTCAA TTCTtAAACA CTOTGGCAAC AGGACCTAGA 2760 

ATOOCrOAOa CATTAAOGTr TTCnCJTGT GICC I UKI T ATTATTOTTT TAAGACCTCA 2820 

GTAACCATTT CAOCCTCTTT CCAQCAAAC C CTTCTCCATA GTATTTCAflT CATGGAAGGA 2880 

TCATTXATOC AGGTAGTGAT TCCAGOAflTT TTTGOTCTTT TCTGTCTCAA GGCATTGTOT 2940 



umiync C GGGACXWTT TGOGTOOGAC AAAOmGAA TTOCCIWAO ATCACACATT 
CCATCCTCIC CXACTXCCAT CIGGCAICCC CACOCOXTCT CCCCTOCACT TCTOGAAGGC 

acagggtoct ocrocrrccr ccrcrrrocc ttigctggoc crrcwrocA ggacgctcag 
cctcaoggct 'ekaMfldne-'cMmmm ccAoorcccr i w uxn c c acagaggcct 

TCCIAGAAOA TOCATCTAGA (nWCAflCCT TAXCAGTOTT TAAflATTXTT CTTTTATTTT 

tXArnrrrr gaoacacaat crcAcrcrcr wcccaggct ggagtccaac ggtacqatct 

TOOCTCWTO CAACCTCCGC CTCCTOOOTT CAAOCQATTC TCOTOGCTCA OCCTCCGGAG 
TAOCTOOGAX TOCMOCACC CGCCACCACO CCTOOCIAAT TTTTGTATTT rrAOTAOAGA 

axttnrrc*^ 3540 
oocctccqaa aciociooga taiaca^ 

KTAAAQWAO CrTCCGOAKO ACAT6AAATA ANGGGGGGTTT TTGITOTTTA GTAACATTTK3 
CCTXTOWAT ATCCCCAOOC CAAWMGCWI GNGACACAGG ACAGCCATAO TATAGTOTOT 
CACTCGTCOT l U JU/lCC T T TCATGGTTCT OCCCTOICAA AGGICCCIAT TTGAAATGTO 
TTATAAIACA AACAAGGAAfl CACATTGOTT ACAAAATACT TATQTATTtA TGAATCCATO 3840 
ACOUIATTAA ATATGAAACC TTATATAAAA A AAAAAAAAA A 



3000 
3060 
3120 
3180 
3240 
3300 
3360 
3420 
3480 



3600 
3660 
3720 
3780 



3881 



(2) IMPORMATX0M PGR SSQ ID WO:2: 

(1) SSQUSHCS CHARACTERISTICS i 

(A) LENGTH: 411 amino acids 

(B) TYPE: amino acid 

(C) STRANDEENBSS: tingle 

(D) TOPOLOGY: linear 

(U> MOLECULE TYPBi pro t tin 

(Xi) SEQUENCE DESCRIPTIOM: SSQ ID MO:2: 



Mat Olu Gin Arg Oly Gin A»n Ala Pro Ala Ala Ser Gly Ala Arg Lya 

1 5 10 15 

Arg His Oly Pro Gly Pro Arg Olu Ala Arg Gly Ala Arg Pro Oly Pro 

20 25 30 

Arg Val Pro Lya Thr Lau Val Lau Val Val Ala Ala Val Lau Lau Lau 

J5 40 
val 6ar Ala Olu Sar Ala Lau Ila Thr Gin Gin Asp Lau Ala Pro Gin 

50 55 «0 

Gin Arg Ala Ala Pro Gin Gin Lya Arg Ser Ser Pro Ser Olu Gly Leu 
65 70 " 80 



Cy. Pro Pro Oly Hi. Hi. II. S.r Olu A.p Oly Arg A.p Cy. XI. Ser 
Cy. Ly. Tyr Oly o" A.p Tyr S.r Thr Ola Trp Am A.p L.u L«u Phe 

100 10* » 

cy. L.u Arg Cy. Thr Ax, Cy. A.p S.r Cly Olu v.l Olu L.u S.r Pro 

115 120 125 

cy. Thr Thr Thr Arg Am Thr v.l Cy. Ola Cy. olu Glu Oly Thr Phe 

130 "5 140 



at, olu Olu Aap S.r Pro Olu Met Cy. Arg Ly. Cy. Arg Thr Oly Cy. 

« -i 150 155 

pro Arg Oly Mot v.l Ly. v.l aiy A.p Cy. Thr Pro Trp Ser A£ !!• 



145 150 I 55 

— v.l Ly. v.l aiy Aip cy. Thr **r — m 

165 i ? o , , 

OIU Cy. V.l Hi. Ly. Olu S.r Oly II. U. XI. Oly V.l Thr V.l Al. 

180 I 85 - 

Al. V.l V.1 L.u II. v.l Al. V.1 Ph. V.1 cy. Ly. S.r L.u L.u Trp 

195 200 "5 



A.p III Olu Arg V.1 A* £ S.r S.r Oln Arg Pro Oly Al. olu A.p 



Ly. Ly. V.1 Leu Pro Tyr .L.u Ly. oly 11. Cy. S.r oly Gly Oly Oly 
1 215 220 

Arg v.1 

230 

A.n Olu II. 

245 
M.C Olu V.l 
260 

Pro Oly Olu 

Olu Arg S.r 01* Arg Arg Arg £ L.u v.1 Pro Al. A.n olu oly A.p 



S„ v.1 L.u Am Olu U. V.1 S.r II. L.u Oln >ro Thr Oln V.1 Pro 

24S 2 ^0 *" 

Olu Ola Olu M.t Olu v.1 Ola Olu Pro Al. Olu Pro Thr Oly v.l Am 
M.t L.u s.r p" Oly Olu S.r Olu nil L.u Leu Olu Pro Al. olu Al. 



29S 300 

pro Thr Olu Thr L.u Arg Ola Cy. Ph. ^ Am Ph. Al. A.p Uu V.1 

110 315 

£ Ph. A*p S.r Trp Olu Pro L.u Met Arg Ly. L.u Oly L.u M.t A.p 

125 *3v 

Am Olu II. Ly. v.l Al. Ly. Al. Olu Al. Al. Oly Hi. Arg Am Thr 

140 

L.u Tyr Thr M.t L.u 11. Ly. Trp v.l A.n Ly. Thr Oly Arg A.p Al. 

,«« 360 365 

S.r V.1 Hi. Thr L.U L.u A.p Al. Leu Olu Thr Leu Oly Olu Arg Leu 

Al. Ly • bin Ly. 11. Olu £ Hi. L.u Uu Ser Ser Oly Ly. Phe Met 
3I5 390 395 

A.a 
405 



Tvr L.u Olu Cly A*n Al. A.p S.r Al. M.c S.r End 

^ - 410 411 



(2) INFORMATION FOR SEQ ID NO: 3: 
(i) SEQUENCE CHARACTERISTICS ; 

(A) LENGTH: 1062 base p.ir. 

(B) TYPEt nucl.ic .eid 

(C) STRAND EDNESS : singl. 

(D) TOPOLOOY: lln..r 



(li) MOLECULE TYPE: cONA 



(xi) SEQUENCE DESCRIPTION: SEQ ZD NO: 3: 

AXGACCTCCT - 'mtWiiO CGCTOCACCA OOTCTOATTC AGCTOAACTO OAGCTAAGTC 60 

cctogacgac qruecMViftr ACAOTGTOTC AOtGCGaAOA AfiOCACCTTC COGOAAOAAO 120 

ATTCTCCTOA OAIOTOCOGO AAOTOCCGCA CAQG G TOTCC CAOAGOOATO OTCAAOOTCO 180 

GTGATTOTAC ACCCTOOAOT OACATCOAAT Q T G TCCACAA A GAATCA CCC ATCATCATAO 340 

GAOTCACAflT TOCAOCCQTA OTCTTOATTO TQOCTOTQTT TOTTTOCAAQ TCTTTACTOT 300 

OOAAGAAAGT CCTTCCTTAC CTOAAAGOCA TCT O CT CA CQ TOQTOOT CG O OACCCTOAOC 360 

GTOTOOACAO AAOCTCACAA COACCTOOOG CTOAGGAGAA tOTCCTCAAT GAOATCGTOA 430 

OTATCTTOCA OCCCACCCAO O TCCC TO ACC AOGAAATOGA AOTCCAOOAO CCAOCAOAOC 480 

CAACAGOTOT CAACATOTTQ TCCCCCGOGO AOTCAOAOCA TCTGCTOOAA CCOOCAOAAO 540 

CTOAAAOOTC TCAOAOQAOQ AGGCTQCTGG TTCGAOGAAA TOAAGOTOAT CCCACTOAOA 800 

CTCTOAOACA GTGCTTCGAT GACTTTCCAfl ACTTGGTCCC CTTTOACTCC TOOGAOCCGC 880 

TCATQACOAA OTTOOOCCTC ATOOACAATG AOATAAAOOT OOCTAAAOCT OAOOCAOCOO 720 

GCCACA0OOA CACCTTQTAC ACGATQCTGA TAAAGTGOGT CAACAAAACC OGOCGAOATO 780 

CCTCT Q TC CA CACCCTOCTG OATOCCITQO AOACGCTOGQ AflAflAQA C TT OCCAAOCAOA 840 

AOATTOAOGA CCACTTOTTO ACCTCTOGAA ACTTCATOTA TCTAOAAOGT AATOCAOACT 900 

CTGCGATGTC CXAAGTOTGA TTCTCTTCAO GAA8TGM5AC CTTC C CT G CT TTACCTTTTT 980 

TCTOOAAAAA GCCCAACTGO ACTCCAOTCA OTAGGAAAGT OCCACAATTO TCACATOACC 1030 

OGTACTOOAA OAAACTCTCC CATCCAACAT CACCCAOTCO AT 1083 

(2) INFORMATION fOR SBQ ID NOi4: 

(1) SEQUENCE CHARACTERISTICS t 

(A) LENGTH: 303 amino acid* 

(B) TYPE i amino acid 

(C) STRANDEDNESS t aingle 
(0) TOPOLOOY: linaar 

(li) MOLECULE TYPE: pro tain 



(xi) SEQUENCE DESCRIPTION! SBQ ID NOi4: 



A*p 


Leu 


Lau 


Pha 


Cya 


Lau 


Arg 


Cya 


Thr 


Arg 


Cya 


Aap Sar Oly Olu Val 


X 








5 










10 




15 


Olu 


Leu 


Sar 


Pro 


Cya 


Thr 


Thr 


Thr 


Arg 


Aan 


Thr 


Val cya Oln Cya Olu 








20 










25 






30 


Olu 


Oly 


Thr 


Pha 


Arg 


Olu 


Olu 


Aap 


Sar 


Pro 


olu 


Mat Cya Arg Lya Cya 






33 










40 








45 


Arg 


Thr 


Oly 


Cya 


Pro 


Arg 


Oly 


Mat 


Val 


Lya 


val 


Oly Aap Cya Thr Pro 




50 










55 










60 


Trp 


Sar 




Ila 


Olu 


Cya 


Val 


His 


Lya 


olu 


Sar 


Oly Ila Ila Ila Oly 


61 










70 










75 


80 


Val 


Thr 


Val 


Ala 


Ala 


Val 


Val 


Lau 


Ila 


val 


Ala 


val Pha Val Cya Lya 










85 










90 




95 


Sar 


Lau 


Lau 


Trp 


Lya 


Lya 


Val 


Lau 


Pro 


Tyr 


Lau 


Lya Oly He Cya Ser 








100 










105 






110 


Oly 


Oly 


Oly 


Oly 


Aap 


Pro 


Olu 


Arg 


val 


Aap 


Arg 


Ser Ser Oln Arg Pro 






115 










130 








125 


Oly 


Ala 


Olu 


Aap 


Aan 


Val 


Lau 


Asn 


Olu 


He 


Val 


Ser He Leu Oln Pro 





130 








125 




140 






Glu Pro 


Thr 


Gin 


Val 


Pro 


Glu 


Gin Glu 


Met 


Glu Val Gla Glu 


Pro 


Ala 


145 










150 




155 






ISO 


Thr 


Oly 


VU 


Ami 


Met 


Leu Ser 


Pro 


Oly Glu Ser Olu 


His 


Leu 


Leu Glu 








165 






170 






175 


Pro 


Ala 


GlU 


Ala 


GlU 


Arg Ser 


Gla 


Arg Arg Arg Leu 


Leu 


Val 


Pro Ala 








180 








1S5 




190 




Asa 


Olu 


Gly 


Asp 


Pro 


Thr Glu 


Thr 


Leu Arg Gla Cys 


Phe 


Asp 


Asp Phe 






195 






200 




205 






Ala 


Asp 


Leu 


Val 


Pro 


Phe Asp 


Ser 


Trp Olu Pro Leu 


Met 


Arg 


Lye Leu 




210 








215 




220 








aiy 


Leu 


Met 


A«P 


Asa 


Glu lie 


Lye 


Val Ala Lye Ala 


Olu 


Ala 


Ala Oly 


225 










230 




225 






240 


His 


Arg 


A»P 


Thr 


Leu 


Tyr Thr 


Met 


Leu He Lye Trp 


Val 


Asa 


Lys Thr 










245 






250 






255 


Gly 


Arg 


Asp 


Ala 


Ser 


val Hie 


Thr 


Leu Leu Asp Ala 


Leu 


Glu Thr Leu 








260 








2(5 




270 




oly 


Glu 


Arg 


Leu 


Ala 


Lye Ola 


Lye 


He Glu Asp His 


Leu 


Leu 


Ser ser 






275 








290 




285 






Gly 


Lys 


Phe 


Met 


Tyr 


Leu Glu 


Gly 


Asa Ala Asp Ser 


Ala 


Met 


Ser 




290 








295 




300 









(2) INFORMATION FOR 5CQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS t 

(A) LENGTH t 1769 base pairs 

(B) TYPES nucleic acid 

(C) STRANDEDNE33 1 single 
(0) TOPOLOGY: linear 

Ul> MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

CCTCACTGAC TATAAAAGAA TAGAGAAGGA ACCCCTTCAG TGACCGGCTG CCTGGCTGAC 60 

TTACAGCAGT CAGACTCTGA CAGGATCATG GCTATGATGG AGGTCCAGGG GGGACCCAGC 120 

CTGGGACAGA CCTGCGTGCT GATCGTGATC TTCACAGTGC TCCTGCAGTC TCTCTGTGTG 180 

GCTGTAACTT ACGTGTACTT TACCAACGAG CTGAAGCAGA TGCAGGACAA GTACTCCAAA 240 

AGTGGCATTG ClTUXlTCfr AAAAGAAGAT GACAGTTATT GGGACCCCAA TGACGAAGAG 300 

AGTATGAACA GCCCCTGCTG GCAAGTCAAG TGGCAACTCC GTCAGCTCGT TAGAAAGATG 360 

ATTTTGAGAA CCTCTGAGGA AACCATTTCT ACAGTTCAAG AAAAGGAACA AAATATTTCT 420 

CCCCTAGTGA GAGAAAGAGG TCCTCAGAGA GTAGCAGCTC ACATAACTGG GACCAGAGGA 480 

AGAAGGAACA CATTGTCTTC TCCAAACTCC AAGAATGAAA AGGCTCTGGG CCGCAAAATA 540 

AACTCCTGGG AATCATCAAG GAGTGGGGAT TCATTCCTGA GCXACTTGCA CTTGAGGAAT 600 

GGTGAACTGG TCATCCATGA AAAAGGGTTT TACTACATCT ATTCCCAAAC ATACTTTCGA 660 

TTTCAGGAGG AAATAAAAGA AAAGACAAAG AACGACAAAC AAATGGTCCA ATATATTTAC 720 

AAATACACAA GTTATCCTGA CCCTATATTG TTGATGAAAA GTGCTAOAAA TAGTTGTTGG 780 

TCTAAAGAXG CAGAAIATGG ACTCTATTCC ATCTATCAAG GGGGAATATT TGAGCTTAAG 840 

GAAA ATGA CA GAATTTTTGT TTCTGTAACA AATGAGCACT TCATAGACAT GGACCATGAA 900 

GCCAGTTTTT TCGGGGCCTT TTTAGTTGGC TAACTGACCT GGAAAGAAAA AGCAATAACC 960 

TCAAAGTGAC TATTCAGTTT TCAGGATGAT ACACTATGAA GATGTTTCAA AAAATCTGAC 1020 

CAAAACAAAC AAACAGAAAA CAGAAAACAA AAAAACCTCT ATGCAATCTG AGTAGAGCAG 1080 

CCACAACCAA AAAATTCTAC AACACACACT CTTCTGAAAG TGACTCACTT ATCCCAAGAA 1140 

AATGAAATTG CTGAAAGATC TTTCAGGACT CTACCTCATA TCAGTTTGCT AGCAGAAATC 1200 

TAGAAGACTO TCAGCTTCCA AACATTAATG CAATGGTTAA CATCTTCTGT CTTTATAATC 1260 

TACTCCTTGT AAAGACTGTA GAAGAAAGCG CAACAATCCA TCTCTCAAGT AGTGTATCAC 1320 

AGTAGTAGCC TCCAGGTTTC CTTAAGGGAC AACATCCTTA AGTCAAAAGA GAGAAGAGGC 1380 

ACCACTAAAA GATCGCAGTT TGCCTGGTGC AGTGGCTCAC ACCTGTAATC CCAACATTTT 1440 

GGGAACCCAA GGTGGGTAGA TCACGAGATC AAGAGATCAA GACCATAGTG ACCAACATAG 1500 



TGAAACCCCA TCTCTACTGA AAGTGCAAAA £^£52555 urc'cGGGAG GgSaG^TTG "|S 
££o£cTA CTT6AGAGGC TGAWWAGGA CTTWTTTOl 1«80 

XAC^WCT CAAAAAAAAA AAAAAAAAA 

(2) INFORMATION WR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 281 emino acid* 

(B) TYPE: amino ecid 

(C) ST RAND EDH ESS: eingle 
(0) TOPOLOGY: lin.er 

(ii) MOLECULE TYPE: protein 

' <xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Met Me Met Met Glu Vel Gin Gly Gly Pro S.r Leu Gly Gin Thr Cy. 

Vel Leu U. Vel II. Ph. Thr Vel Leu Leu Gin S.r Leu Cy. Vel Ale 

V.1 Thr Tyr Vel Tyr Ph. Thr Aeh Glu Leu Ly. Gin Met Gin Asp Lye 

Tyr ser Ser Gly He Ale £ Ph. Leu Ly. Glu Asp Asp S.r Tyr 

g Trp "p Pro A-n Aep Glu cL S.r Met Aen S.r Pro Cy. Trp Gin Vel 

0 Ly. Trp Gin Leu Arg IL Leu Vel Arg Ly. Met II. Leu Arg Thr S.r 

* Glu Glu Thr II. "r Thr v.l Gin Glu Ly. Gin Gin Aen lie S.r Pro 

5 L.u vel Arg Z Arg Gly Pro Gin Ar, Vel Ale Ale Hi. lie Thr Gly 

!* llS 120 

ifl 



PJ 
ru 



Thr Arg Ar, S.r A» Thr U. S.r S.r Pro A,„ S.r Ly. A.n Glu 



□ ly. HI f« Gly Ar, ly. II. A,n S,r Trp Glu S.r S.r Ar, S.r Gly 

S.r Asn Uii Hi. L.u Arg 

165 "0 



0 Hi! S.r Ph. U« S.r Uu Hi. L.u Arg til Gly Glu L« V.l Hi 

165 170 »v 

^ Hi. Glu Ly. Gly Ph. Tyr Tyr II. Tyr S.r Gin Thr Tyr Ph. Ar, Ph.: 



w i|o 185 * ,v 

M cln Glu Glu II. Ly. Glu A.n Thr Ly. A.» A.p Ly. Gin M.t V.l Gin 
105 200 

Tyr U. Tyr ly. tyr Thr S.r Tyr Pro A.p Pro II. Uu L.u M.t ly. 

210 215 Z*w 

Ser Ale Arg Aen Ser Cy. Trp S.r Lye Aep Ale Glu Tyr Gly Leu Tyr 

*><>< 230 235 *: w 



225 230 235 *™ 

Ser lie Tyr Gin Gly Gly lie Phe Glu Leu Ly. Glu A.n Asp Arg He 

245 250 * 33 

Phe V.1 Ser Vel Thr A-n Glu Hi. Leu lie Asp M.t A.p Hi. Glu Ale 

260 265 270 

Ser Ph. Phe Gly Ale Phe Leu Vel Gly 
275 290 
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Tumor Necrosis Factor Related Receptor, TR6 Si 

This application claims the benefit of U.S. Provisional Application No: 60/041,230, 
filed March 14, 1997. 

• 5 

FIELD OF INVENTION 

This invention relates to newly identified polynucleotides, polypeptides encoded by 
them and to the use of such polynucleotides and polypeptides, and to their production. 
More particularly, the polynucleotides and polypeptides of the present invention relate to 
10 Tumor Necrosis Factor Related fiunily, hereinafter referred to as TR6. The invention also 
relates to inhibiting or activating die action of such polynucleotides and polypeptides. 

O 

§ BACKGROUND OF THE INVENTION 

ITl Many biological actions, for instance, response to certain stimuli and natural biological 

01 15 processes, are controlled by actors, such as cytokine Many cytokines act through receptors 
£ by engaging the receptor and prt^ 

q For example, tumor necrosis factors (TNF) alpha and beta are cytokines which act 

Ul through INF receptors to regulate numerous biologic 

S infection and induction of shock and inflammatory disease. The TNF molecules belong to the 
^ 20 TNF-figand" superfimDy, and aa together with their receptors or counter-Uganda, the TNF- 
receptor" superfiunily. So fir, nine members of the TNF figand superfaniily have been 
klentiSed aid toi membm of the TOT 

Among the Egands there are included TNF-o, lymphotoxirKi (LT-a, also known as 
TNF-PX LT-P (found in complex heterotrimer LTkx2«0), FasL, CD40L, CD27L, CD30L, 4- 
25 1BBL,OX40L and nerve growth £Ktor(N^ 

the p55TNF receptor, p75TNF receptor, TNF receptor-related protein, FAS antigen or APO- 
1, CD40, CD27, CD30, 4-1BB, OX40, low affinity p75 and NGF-receptor (Meager, A, 
Biobgicals, 22^91-295 (1994)). 

Many members of the TNF-ligand superfamDy are expressed by activated T-cefls, 
30 imptying that they are necessa^ 



I* 



GH-50008 



10 



ontogeny and functions. (Meager, A., supra). 

Considerable insight into the essential functions of several members of the TNF 
receptor family has been gained fiom the identification and create 
expression of these proteins. For example, naturalry occurring mutations* the FAS antigen 
and its Egand cause hmprwpiofiferative disease (W 

356:314 (1992)), perhaps reflecting a Mure of programmed cell death. Mutations of the 
rjun Kg^H ™ ,ce «i X-linked inmtunodeficiency state characterized by high levels of 
inanunoghibulinM and low levels of ininiunoglobuImGmolasrna, iwEcatingfeuhy T<eD- 
dependeMB<eu activation^ Targeted mutations 

of the low affinity nerve growth fictor receptor cause a disorte characterize 
innovation of peripheral structures (Lee, KJ. et al Cell 69:737 (1992)). 
p TNF and LT-a are capable of binding to two TNF receptors (the 55- and 75-kd TNF 

O receptors). A large number of biological effects elicited by TNF and LT-a, acting through their 

Ijj receptors, indude hemorrhagic necrosis of transplanted tumors, cytotoxicity, a role in 

jj} 15 endotaxic shock, inflammation, immunoregulation, proliferation and anti-viral responses, as 
^ well as protection against the deleterious effects of ionizing radiation. TNF and LT-a are 

C involved m the pathogenesis of a wide range of diseases, including endotoxic shock, cerebral 

Q malaria, tumors, autoirnrnuiro disease, ATOS and graft-to^ 

^ HuflH C, Science 264:667-668 (1994)). Mutations in the p55 Receptor cause increased 

^ 20 susceptibility to niicro^infectioa 

Moreover, an about 80 amino acid domain near the C-terrninus of TNFR1 (P55) and 
Fas was reported as the "death domain," which is responsible for transducing signals for 
programmed ceD death (Tartaglia et al., Cell 74:845 (1993)). 

The effects of TNF family ligands and TNF family receptors are varied and influence 
25 iumerousfuncticiu,tothnornialandab^ 

system. There is a clear need, therefore, for identification and characterization of such 
receptors and ligands that influence biological activity, both normally and in disease states. In 
particular, there is a need to isolate and characterize novel members of the TNF receptor 
family. 
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TOs indicates that these receptore 
targets. Qeariy there is a need for identification and characterization of further receptors which 
can play a role in preventing ameliorating or contctingdysfi^ 
not Hmtodt<^ draw a^ 

mfl«mm»tn fy hflwri Ssas^ psoriasis), transplant rejection, graft vs. host (fiscasc, infection, 
stroke, ischemia, acute respiratory disease syndrome, restenosis, brain injury, AIDS, Bone 
diseases, cancer (eg. lymphoproltferatxve disorders), atheroschlerosis, and Alzheimer* disease. 

SUMMARY OF THE INVENTION 

In one aspect, the invention relates to TR6 polypeptides and recombinant materials 
and methods for their production. Another aspect of the invention relates to methods for using 
such TR6 polypeptides and polynucleotides. Such uses include the treat m e nt of chronic and 
acute inflammation, arthritis, se pticemi a, autoimmune diseases (e.g. inflammatory bowel 
disease, psoriasis), transplant rejection, graft vs. host disease; infection, stroke, ischemia, acute 
respiratory disease syndrome, restenosis, brain injury, AIDS, Bone diseases, cancer (e.g 
lymphoprolifcrative disorders), atheroschlerosis, and Alzheimer* disease, among others. In still 
another aspect, the invention relates to methods to identify agonists and antagonists using 
the materials provided by the invention, and treating conditions associated with TR6 
imbalance with the identified compounds. Yet another aspect ofthe invention relates to 
fognrt«tift assays for detecting diseases associated with inappropriate TR6 activity or levels. 

DESCRIPTION OF THE INVENTION 
Peflnftfoni 

The following definitions are provided to facilitate understanding of certain terms 
used frequently herein. 

TPf refers, among others, to a polypeptide comprising the amino acid sequence 
set forth in SEQ ID NO:2, or an allelic variant thereof 

"Receptor Activity" or "Biological Activity ofthe Receptor" refers to the 
metabolic or physiologic function of said TR6 including similar activities or improved 
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activities or these activities with decreased undcsir^le side^ccts. Also included are 
antigenic and immunogenic activities of said TR6. 

TR6 gene" refers to a polynucleotide comprising the nucleotide sequence set 
forth in SEQ ID NO: 1 or allelic variants thereof and/or their complements. 

"Antibodies" as used herein includes polyclonal and monoclonal antibodies, 
cfcrneric, single chain, and huni^ 
products of an Fab or other immunoglobulin expression library. 

-Isolated" means altered "by the hand of man" from the natural state. If an 
-isolated" composition or substance occunm nature, h has been chaiiged or removed 
from its original environment, or both. For example, a polynucleotide or a polypeptide 
naturally present in a living animal is not "isolated," but the same polynucleotide or 
Q polypeptide separated from the coexisting materials of hs natural state is "isolated", as the 

03 term is employed herein. 

jj "Polynucleotide" generally refers to any polyribonucleotide or 

g 15 polydeoxribonucleotide, which may be unmodified RNA or DNA or modified RNA or 

•P DNA. "Polyimdeotides" include, witoutl^^ 

O DNA that is a mixture of single- and double-stranded regions, single- and double-stranded 

q RNA, and RNA that is mixture of single- and double-stranded regions, hybrid molecules 

«0 comprising DNA and RNA that may be single-stranded or, more typically, double- 

SJ 20 stranded or a mixture of single- and double-stranded regions. In addition, 

"polynucleotide" refers to triple-stranded regions comprising RNA or DNA or both RNA 
and DNA Tie term polynucleotide also includes DNAs or RNAs containing one or more 
modified bases and DNAs or RNAs with backbones modified for stability or for other 
reasons. "Modified" bases include, for example, trityiated bases and unusual bases such as 
25 inonne, A variety of modifications has been made to DNA and RNA; thus, 

"polynucleotide" embraces chemically, enzymatically or metaboUcaOy modified forms of 
polynucleotides as typically found in nature, as well as the chemical forms of DNA and 
RNA characteristic of viruses and ceils. "Polynucleotide" also embraces relatively short 
polynucleotides, often referred to as oligonucleotides. 
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"Polypeptide" refers to any peptide or protein comprising two or more amino acids 
joined to each other by peptide bonds or modified peptide bonds, Le., peptide isosteres. 
"Polypeptide" refers to both short chains, commonly referred to as peptides, oligopeptides 
or oligomers, and to longer chains, generally referred to as proteins. Polypeptides may 
contain amino acids other than the 20 gene-encoded ammo acids. "Polypeptides" include 
ammo acid sequences modified either by natural processes, such as posttranslational 
processing, or by chemical modification techniques which are well known in the art Such 
modifications are well described in basic texts and in more detailed monographs, as well as 
in a voluminous research literature. Modifications can occur anywhere in a polypeptide, 
frcMfag the peptide backbone, the amino add side-chains and the amino or caiboxyi 
termini It will be appreciated that the same type of modification may be present in the 
same or varying degrees at several sites in a given polypeptide. Also, a given polypeptide 
may contain many types of modifications. Polypeptides may be branched as a result of 
ubiquhination, and they may be cyclic, with or without branching. Cyclic, branched and 
branched cyclic polypeptides may result from posttranslation natural processes or may be 
made by synthetic methods. Modifications include acetyiation, acylation, ADP- 
ribosylation, amidation, covalent attachment of flavin, covalent attachment of a heme 
moiety, covalent attachment of a nucleotide or nucleotide derivative, covalent attachment 
of a lipid or lipid derivative, covalent attachment of phosphotidylinositol, cross-linking, 
cydization, disulfide bond formation, demetfaylation, formation of covalent cross-links, 
formation of cystine, formation of pyroglutamate, formyiation, gamma-carboxylation, 
gfycosyistion, GPI anchor formation, hydroxytation, iodination, methyiation, 
myristoyistion, oxidation, proteolytic processing, phosphorylation, prenyiation, 
racemizxtion, sdenoyiation, sulfation, transfer-RNA mediated addition of amino acids to 
proteins such as arginylation, and ubiquitination. See, for instance, PROTEINS - 
STRUCTURE AND MOLECULAR PROPERTIES, 2nd Ed., T. E. Creighton, W. tt 
Freeman and Company, New York, 1993 and Wold, F., Posttranslational Protein 
Modifications: Perspectives and Prospects, pgs. 1-12 in POSTTRANSLATIONAL 
COVALENT MODIFICATION OF PROTEINS, B. C. Johnson, Ed, Academic Press, 
New York, 1983; Softer tt aL % tt Analysis for protein modifications and nonprotein 
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coftcton",A/<rt Enzymol (1990) 182:626446 and Rattan e/oi, "Protein Synthesis: 
PostMnsIationalMbdifications and k&zf.AmNYAcadSd (1992) 663:48-62. 

-Variant" as the term is used herein, is a polynucleotide or polypeptide that differs 
from a reference polynucleotide or polypeptide respectively, but retains essential 
properties. A typical variant of a polynucleotide diSers in nucleotide sequence from 
another, reference polynucleotide. Changes in the nucleotide sequence of the variant may 
or may not alter the amino acid sequence of a polypeptide encoded by the refera^ 
polynucleotide. Nucleotide changes may result in amino acid substitutions, additions, 
deletions, fusions and truncations in the polypeptide encoded by the reference sequence, as 
discussed below. A typical variant of a' polypeptide differs in amino acid sequence from 
another, reference polypeptide. Generally, differences are limited so that the sequences of 
g the reference polypeptide and the variam are dosely siiniiar overau an* ^ 

03 identical. A variant and reference polypeptide may differ in amino acid sequence by one or 

more substitutions, additions, deletions in any combination. A substituted or inserted 
amino acid residue may or may not be one encoded by the genetic code. A variant Of a 
* polynucleotide or polypeptide may be a naturally occurring such as an allelic variant, or it 

0 may be a variant that is not known to occur naturally. Non-naturally occurring variants of 

q polynucleotides and polypeptides may be made by mutagenesis techniques or by direct 

^ synthesis. 

'S| 20 Identity" is a measure of the identity of nucleotide sequences or amino acid 

sequences. In general, the sequences are aligned so that the highest order match is 

^H<jnttty" jeri«haaaflart-recogni2ed meanira and can be cakdated using 
pubfished techniques. See, e.g.: (COMPUTATIONAL MOLECULAR BIOLOGY, Lesk, 
AM, ed., Oxford University Press, New York, 1988; BIOCOMPUTTNG: 

25 INFORMATICS AND GENOME PROJECTS, Smith, D.W., ed.. Academic Press, New 
York, 1993; COMPUTER ANALYSIS OF SEQUENCE DATA, PART L Griffin, AM, 
and Griffin, H.G., eds., Humana Press, New Jersey, 1994; SEQUENCE ANALYSIS IN 
MOLECULAR BIOLOGY, von Heinje, G., Academic Press, 1987; and SEQUENCE 
ANALYSIS PRIMER, Gribskov, M. and Devereux, J., eds., M Stockton Press, New 

30 York, 1991). While there exist a number of methods to measure identity between two 
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polynucleotide or polypeptide sequences, the term "identity" is well known to skilled 
artisans (CariDo, R, and Upton, D., S1AM J Applied Math (1988) 48: 1073). Methods 
commonly employed to determine identity or similarity between two sequences include, 
but are not limited to, those disclosed in Guide to Huge Computers, Martin J. Bishop, ed., 
Academic Press, San Diego, 1994, and CariOo, K, and Lipton, D., SIAM J Applied Math 
(1988) 48:1073. Methods to determine identity and similarity are codified in computer 
programs. Preferred computer program methods to determine identity and similarity 
between two sequences include, but are not limited to, GCS program package (Devereux, 
J, etaL, Nucleic Acids Research (1984) 12(1):387), BLAST?, BLASTN, FASTA 
(Atschul, S J. et aL 9 JMolec Biol (1990) 215:403). 

As an illustration, by a polynucleotide having a nucleotide sequence having at least, 
for example, 95% "identity" to a reference nucleotide sequence of SEQ ED NO: 1 is 
intended that the nucleotide sequence of the polynucleotide is identical to the reference 
sequence except that the polynucleotide sequence may include up to five point mutations 
per each 100 nucleotides of the reference nucleotide sequence of SEQ ID NO: 1. In other 
words, to obtains polynucleotide having a nucleotide sequence at least 95% identical to a 
reference nucleotide sequence, up to 5% of the nucleotides in the reference sequence may 
be deleted or substituted with another nucleotide, or a number of nucleotides up to 5% of 
the total nucleotides in the reference sequence may be inserted into the reference 
sequence. These mutations ofthe reference sequence may occur at the 5 or 3 terminal 
positions ofthe reference nucleotide sequence or anywhere between those terminal 
positions, interspersed either individually among nucleotides in the reference sequence or 
in one or more contiguous groups within the reference sequence. 

Sbmlariy, by a polypeptide having an amino acid sequence having at least, for 
eomple, 95% "identity" to a reference amino acid sequence of SEQ ID N02 is intended 
that the amino acid sequence ofthe polypeptide is identical to the reference sequence 
except that the polypeptide sequence may include up to five amino add alterations per 
each 100 amino acids ofthe reference amino acid of SEQ ID NO: 2. In other words, to 
obtain a polypeptide having an amino acid sequence at least 95% identical to a reference 
amino acid sequence, up to 5% ofthe amino acid residues in the reference sequence may 
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be deleted or substituted with another amino acid, or a number of amino acids up to 5% of 
the total amino acid residues in the reference sequence may be inserted into the reference 
sequence. These alterations of the reference sequence may occur at the amino or carboxy 
terminal positions of the reference amino add sequence or anywhere between those 
terminal positions, interspersed ether individually among residues in the reference 
sequence or in one or more contiguous groups within the reference sequence. 

Polypeptides of the Invention 

In one aspect, the present invention relates to TR6 polypeptides. The TR6 
polypeptides include the polypeptides of SEQ ID NOS:2 and 4; as well as polypeptides 
comprising the amino acid sequence of SEQ ID NO:2; and polypeptides comprising the 
amino acid sequence which have at least 80% identity to that of SEQ ID NO:2 over its 
entire length, and still more preferably at least 90% identity, and even still more preferably 
at least 95% identity to SEQ ID NO: 2. Furthermore, those with at least 97-99% are 
highly preferred Also included within TR6 polypeptides are polypeptides having the 
amino acid sequence which have at least 80% identity to the polypeptide having the amino 
acid sequence of SEQ ID NO: 2 over its entire length, and still more preferably at least 
90% identity, and even still more preferably at least 95% identity to SEQ ID NO: 2. 
Furthermore, those with at least 97-99% are highly preferred. Preferably TR6 
polypeptides exhibit at least one biological activity of the receptor. 

The TR6 polypeptides may be in the form of the "mature" protein or may be a part 
of a larger protein such as a fusion protein. It is often advantageous to include an 
additional amino acid sequence which contains secretory or leader sequences, pro- 
sequences, sequences which aid in purification such as multiple histidine residues, or an 
additional sequence for stability during recombinant production. 

Fragments of the TR6 polypeptides are also included in the invention. A fragment is 
a polypeptide having an amino acid sequence that entirely is the same as part, but not all, of the 
amino acid sequence of the aforementioned TR6 polypeptides. As with TR6 polypeptides, 
fragments may be t4 free-standing i n or comprised within a larger polypeptide of which they form 
a part or region, most preferably as a single continuous region Representative examples of 
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pojypeptidetngm^ 

context -abouT include the particularly ^rangolarg W or S maIl e rbysev«rtl.5,4.3.2of 
1 amino add at either extreme or at both extremes. 

Preteedlhujmemsm^ 
acid sequence of TRfi polypeptides, except for deletion of a continuous series of residues that 
jne^theamaotermimis, or a continuous series of re»du«^ 
t„ninu»<tfdd«ioncftwocom^ 

o^indudiag^caibc^terfl^ Also preferred are fragments characterized 

or functional attributes such as fragments tntfcon^alpta^ 

regions, beta-sheet and oeta-sheet-tbnrring regions, turn and turn-forming regions, cofl and 

ccil-fbrmingn^ 
arnpbipatracregjor^ flexible region 

high antigenic index regions Other preferred fragments arebidogic^ai^niginents. 
Biologically actrvefr^^ 

sn^aetrvityoranimr^ Alsomduded 
are thoae that are antigenic or inminogenicmanar^especialrymahimm 

Preferably, d of these polypeptide f^^ 
recepta/incJudmgarm^ Ainongthenwstprefenxdfra^ 
ammo acid sequence of SEQ IDNO: 4. Variants of the defined sequence and fragments also 
form part of the present invemica Prefen^ 

conjervativv amino acid wbstitutions - te., those that substitute a residue with another of Bee 
characteristics. Typical such substitutions are among Ala, Val, Leu and He; among Ser and 
Thr, among the acidic residues Asp and Gtu; among Am and Gin; and among the basic residues 
LysandArg; or aromatic residues Phe and Tyr. Partieularh/pefaredarevariartom 
several 5-10, 1-5, or 1-2 amino acids are substituted, deleted, or added m any combination. 

The TM polypeptides of the invention can be prepared m any suir^e maimer. Such 
polypeptides include isolated naturally occurring polypeptides, recombinantry produced 
odypeptidevsyntheticaty 

of these methods. Means for preparing such polypeptides are well understood in the art 
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Polynucleotides of the Invention 

Another aspect of the invention relates to TR6 poiynudeotides. TR6 polynucleotides 

iiu±ide isolated polynudeoti^ 

poiynudeotides dosely related thereto. More specifically, TR6 polynucleotide of the 
inu~n^ ^i^e . potymicleotide comprising the nudeotide sequence set forth in SEQ ID 
NO:l encoding a TR6 polypeptide ofSEQ© NO: 2, and pol^^ 
sequences of SEQ ID NOS:l and 3. TR6 polynucleotides Anther include a polynucleotide 
comprising a nucleotide sequence that has at least 80% identity to a nucleotide sequence 
encoding the TR6 polypeptide of SEQ ID NO:2 over its entire length, and a 
polynucleotide that is at least 80% identical to that having SEQ ID NO: 1 over its entire 
length. In this regard, polynucleotides at least 90% identical are particularly preferred, and 
those with at least 95% are especially pre Furthermore, those with at least 97% are 
highly preferred and tho se with at least 98-99% are most highly preferred, with at least 99% 
being the most preferred. Also included under TR6 polynucleotides are a nucleotide 
sequence which has sufficient identity to a nucleotide sequence contained in SEQ ID NO: 1 
to hybridize under conditions useable for amplification or for use as a probe or marker. 
The invention also provides polynucleotides which are complementary to such TR6 
polynucleotides. 

TR6 of the invention is stmtfureDy related to othtf pro 
Factor Related family, as shown by the results of sequencing the cDNA encoding human TR£. 
The cDNA sequence of SEQ ID NO: 1 contains an open reading flame (nudeotide numbers 94 
to 1329) encoding a polypeptide of 411 amino adds of SEQ ID NO .Z The amino acid 
sequence of Table 1 (SEQ ID NO:2) has about 58% identity (using GAP (From GCG )) m 411 
amino add residues with DR4, the receptor for the ligand TRAIL (Pan,G., OTtourice^C, 
Chimaiyan^^ Science 276, 111-113 (1997)). 

The nudeotide sequence ofTable 1 (SEQ ID NO: 1) has about 70% identity (using GAP (from 
GCG)) in 1 335 nudeotide residues with DR4, the receptor for the ligand TRAIL TR6 
contains a death domain (antino adds 
th< death domamofthehun^ Death 
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ChhnaiyaaANl, CS«t^Ebner i R..NU. andDbcit.V31. Science 276. 111-113 (1997)), 
35/7%ide^tothedeathdon»inof^ (AM CKnnaiyan, 

etal Sdoce274 (5289), 990-992 (1996)), Simidaticdtothede^donamofhuiMn 
TNFR-1, and 19.6% identical to the death domain ofCD95 (Fas) (t Cascino, t Immunol 154 
(6X 2706-2713(1995)). 

Table 1* ^ 

1 CTTTOCGCCC ACAAAAXACfc CCOACOKTOC CCOATCTUCT TTRMOOCTO 

SI AAACCCACOO OCCTOftfiAflA CBWBttOaflC OTICCCTRCC OCCATOOMC 

101 AACGGOQACA GAACGCCCCG GCCGCITCGG GGGCCCGGAA AAGOCACGGC 

151 COaGGACCCA OOOAflOCOCO OGGAGCCAGG CCXOGGCCCC GGOTCCCCAA 

201 OACCCXTOTG CIXAJITO TCG CCGCGGTCCT 6CTQTT0GTC TCAOCTOAOT 

251 CTOCTCTGAT CACCCAACAA GACCTAGCTC CCCAGCAGAO AGCGGCCCCA 

301* CAACAAAAGA GOTCCAGCCC CTCAGAGGGA TTOTOTCCAC CTQOACACCA 

351 TATCTCAGAA GACOCTAGAC ATTGCATCTC CTOCAAATAT gGACAGGACT 

401 A3MCACTCA aTGOAATOAC CTCCmTCX OCTTGCOCTG CACCAGGTOT 

451 GACTCAGGTG AAGTGOAGCT AAflTCCCTOC ACCA CQ A C CA GAAACACAGT 

501 OTOTCAGTOC OAAGAAgGCA CCTTCCOOGA AGAAGAffTCT CCPOAOATOT 

551 OCCGGAJU3TG CCOCACAGGG TGTCCCAgAG OOATOOTCAA OOTCGOTGAT 

601 TGTACACCCT GGAGTGACAT COAATOTOTC CACAAAGAAT CAGGGATGAT 

451 CAIAgGAflTC ACAGTT3CAG CCGTAGTCTT GA3TGTOOCT GTGnTCJTTT 

701 ocaAflTcrrr AcrorrcaAAg aaagtccttc citacctoaa aggcaxctoc 

751 TCAGOTGOTG QTGGGGACCC TGAGCGTGTG OACAGAAGCt CACAA CG ACC 
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801 


7GGQGCTGAG 


OACAAT3TCC 


TCAATOAOAT OQTGAOXATC 


TT3CAGCCCA 


051 


CCGA00TCCC 


TOAOCAOOAA 


ATOOAAGTCC ACOAOCCAOC 


AGAOCCAACA 


901 


GGTGTCAACA 


TCJTTGTCCCC 


CGOGGAOTCA OAOCATCTOC 


TGGAACCGGC 


951 


AOAAOCIGAA 


AGGTCTGAOA 


aCSAOOAOOCT GCTOOTICCA 


GCAAATGAAO 


1001 


GTOATCCCAC 


TQAflACTCTO 


AflACACTOCT TOQATQACTT 


TGCAQACTTO 


1051 


OTOCCCTTTO 


ACTCCTGGGA 


gCCgCTCATO AOGAAGTTGO 


OCCTCATOGA 


1101 


CAATgAOAXa 


aaOGTOOCTA 


AAGCTSAGOC AGCOOOCCAC 


AoaoACACcr 


1151 


TOTACACOAX 


GCTOAXAAAO 


TOOGTCAACA AAACCGGOCO 


AGAXGCCTCT 


1201 


OTCCACACCC 


TOCTGGATOC 


CTIOGAGACQ CTGGGAGAGA 


GACITGCCAA 


1251 


GCAGAAGATT 


QAOQACCACT 


TOTTOAGCTC TOGAAAOTTC 


ATGTAXCTAG 


1301 


AAOGTAATOC 


AfiACTCTGCC 


ATGTCCTAAG TCTOATTCTC 


TTCAGGAAGT 


135* 


CAOACCZTCC 


CTGGTITACC 


TTTnTCTGG AAAAAGCCCA 


ACTGGACTCC 


1401 


AOTCAGTAOO 


AAAGTOCCAC 


AATTGTCACA TGACCGGTAC 


TGGAAGAAAC 


1451 


TCTCCCATCC 


AACATCACCC 


AGTOOATGGA ACATCCTOTA 


ACTXTTCACT 


1501 


GCACTTQOCA 


TTATtnTAT 


AAGCTGAATG TOAXAATAAG 


GACACTATGG 


1S51 


AAATQTCTOO 


ATCATTCCGT 


'ITl/lUCGTAC Tl'lUA^AlTr 


OOTITGGGAT 


1C01 


OTCAl'lUi'lT 


TCACAOCACT 


TTTTTATCCT AATOTAAATG 


CTTTATTTAT 


1CS1 


TTATTTOOOC 


TACATTOTAA 


9ATCCATCTA CACAOTCOTT 


tflCCCiALTm 


1701 


ACTTGATACT 


AXATQATATQ 


AACCTTCTTT QGOTGQGGGG 


TQOQOGOCAg 


1751 


TTCACTCTCT 


CTCCCACOCT 


GGAGTOCAAT GGTOCAATCT 


TGGCTCACTA 


1801 


TAOCCTTQAC 


CTCTCAGOCT CAAOCQATTC TCCCACCTCA OCCATCCAAA 
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1851 TAGCTOGGAC CACAGGT3T0 CACCACCACO CCCGGCEAAT TTTTTOXAIT 
1901 TTOTCXA9AX AXAGGGGCTC TCtATOTTCC TCAflOOTOOT CICgAATTCC 
1551 TOOAcTCAAO CAOTCT Q CCC ACcTCAOAcT CCCAAAOCOO TGOAATTAOA 
2001 GOCOTGAGCC CCCATOdTTq gCCTIACrtT TCTACTTTTA TAATTCTCTA 
2051 H/ITA ' J T A IT TTATGAACAX GAAGAAACTT TAGTAAAOTT ACTT9TTTAC 
2101 ATA0TTAT9T GAAXAGATEA GAXAAACATA AAAGGAGGAG ACATACAATO 
2151 OOOOAAOAAa AAGAAGTCCC CTGTAAGAIO TCACTGTcTO GGTTCCAGCC 
2201 CTCCCTCAGA TOTACTITGG CTTCAATGAT TGGCAACTTC TACAOOQGCC 
2251 AOTCrXTTOA ACTGGACAAC CTTACAAGTA TATQAOTATT ATITATACGT 
2301 AGTTGTITAC ATATGAGTCG GGACCAAACA GAACTGOAXC CACOTGAAGT 
2351 CCIQT3TGTG OCTOOTCCCT ACCIGGGCAG TcTCATTTGC ACCCATAGCC 
2401 CCCATCTAT3 GACAGGCTGG GACAGAGGCA GAT3GOTTAO ATCACACATA 
2451 ACAAXAGGGT CXATCTCATA TCCCAACTGA ACTTOAOCCC TGTTTGGGCT 
2501 CAGGAGAXAG AAGACAAAAT CTGTCTCCCC ACOTCTOCCA TOGCATCAAO 
2551 GQGGAAGAGT AGAT3GTOCT tOAGAATGOT GTQAAATOGT TGCCATCTGA 
2S01 OOAflTAGATO OCCCOOCTCA CTTCTOOTTA TCtCTCACCC TGAGCCCAtG 
2651 AGCTGCCTTT TAGGGTACAG A CT O CC tA CT TOAGGACCTT OqCCOCTCTO 
2701 TAAGCATCTQ ACTCATCTCA GAAATGTCAA TTCTTAAACA CTOTOGCAAC 
2751 AGGACCEAGA ATOGCTGACO CAITAAGOIT I 'l' C m ttTtff QTCCl WiVr 
2801 AJTAtTGTTT TAAGACCTCA GTAACCACTT CAOCCTCTTT CCAOCAAACC 
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" aesi citctccaxa gtasotcaqt catbqaaoqa tcxttipsqc aqgxagtcat 
29oi TCcaoffluar - mmiuix tctotctcaa cccAirorgT W4*«.»icc 

J951 OdaACTOOTT T0OOICKX»C AJUUJITMA^ TXWXOTAM AXcJU*X»TT 

3001 cAoacrorto toictotooa (nrrrwx»o TaoaooeiaA. ccirTeraGT 

3051 CTTtOcACTT CCATCCTCTC CCAcTTCCM rtOOCAICCC CMXJcOTKTT 

3101 cacrooieT wrooAAQGC ACAQGarocr cctocttcct ootcttpocc 

3151 TTtOCKJOGC eCTCIOTSCA CQACOCTCAO CCICAOGQCT OflMCOTOC 
3201 CAOICC0GIC CCAG0TCCCT Wr C CCTTC C ACAGAOGCCT TCeTAOAAOA 
3251 TOCATCTAQA QTOTCAflCCT TATCAQT8W TAAQASTTCT ^T^WACTCT 

3301 THArmrrr oujacagaat ctcactctct cocaaeecr osaotgcaac 

3351 OOTACGATCT TCOCTCAGTO CAACCTCCOC CTCCTGGOTT CAAOCOATPC 

3401 TCOTOCCICA GCCTCCGGAO TACCTGGGAT T3CA08CACC COCCWXACO 

3451 CCIGGCTAAT TnTOTATIT TEAOTAOASA CGOOGTrrCA CCATOTTOOT 

3501 CAO0CT0OTC TCGAACTCCT OACCTCAOOT OATCCAOUT GGCCrCCOAA 

3551 AOTOCIWW* Uttutgge ffTOACCCACC AOCCAOOCCA AOAIATIHTT 

3C01 WAAAOHKAO CTTCCWIAHO ACATOAAAXA AHWWGGOTT TTOTTOXTEA 

SCSI ffTAACATniO gctttgatat atccccaogc caaatbocah osoacacaoo 

3701 ACAOCCATAO TATAOTOTOT CACTCOIGOT T30TOTCCTT TCATGOTTtfT 

37S1 OCCCICTCAA AOGTCCCTAT TTCAAATQTG TTAIAATACA AACAAflGAAfl 

3101 CACATTCTGT ACAAAATACT TATGTATTTA TGAATCCATO ACCAAATtAA 

3851 ATATGAAACC TTAIAXAAAA AAAAAAAAAA A 
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' A miclwtidf fequence of a human TRfi. (SEQ ID NO: 1). 

Tabled 



1 


Mat 


GlU 


Gin 


Arg 


Gly 


Gin 


Aan 


Ala 


Pro 


Ala 


Ala 


Ser 


Gly 


Ala 


Arg 


Lya 


16 


17 


Arg 


HIS 


Gly 


Pro 


Gly 


Pro 


Arg 


Glu 


Ala 


Arg 


Gly 


Ala 


Arg 


Pro 


Gly 


Pro 


IT 


33 


Arg 


Val 


Pro 


Lye 


Thr 


Lau 


val 


Lau 


Val 


Val 


Ala 


Ala 


Val 


Lau 


Lau 


T.MV 


ia 
mm 


49 


Val 


Ser 


Ala 


Glu 


Sar 


Ala 


Lau 


Zla 


Thr 


Gin 


Gin 


Aap 


Lau 


Ala 


pro 






65 


Ola 


Arg 


Ala 


Ala 


Pro 


Gin 


Gin 


Lye 


Arg 


Sar 


Sar 


Pro 


Sar 


GlU 


uiy 


juau 


AO 


81 


C/9 


Pro 


Pro 


Gly 


Hia 


Hia 


Zla 


Ser 


Glu 


Aap 


Gly 


Arg 


Aap 


Cya 


Zla 


Bam 

sar 




97 


Cya 


Lye 


Tyr 


Gly 


Gin 


Aip 


Tyr 


Sar 


Thr 


Gin 


Trp 


Aan 


Aap 


Lau 


Lau 


Pha 


112 


113 


Cya 


Leu 


Arg 


Cya 


Thr 


Arg 


Cya 


Aap 


Sar 


Gly 


Glu 


Val 


Glu 


Lau 


Sar 


Pro 


129 


139 


Cva 


Thr 


Thr 


Thr 


Arg 


Aan 


Thr 


Val 


Cya 


Gin 


Cya 


Glu 


Glu 


Gly 


Thr 


Pha 


144 


145 


Arg 


QlU 


Glu 


Aap 


Sar 


Pro 


Glu 


Hat 


Cye 


Arg 


Lya 


cya 


Arg 


Thr 


Gly 


Cya 


160 


161 


Pro 


Arg 


Gly 


Hat 


val 


Lya 


Val 


Gly 


Aap 


Cya 


Thr 


Pro 


Trp 


Sar 


Aap 


Zla 


176 


177 


Glu 


eye 


Val 


Hie 


Lya 


Glu 


Sar 


Gly 




Zla 


Zla 


Gly 


Val 


Thr 


Val 


Ala 


192 


193 


Ala 


Val 


Val 


Leu 


Zla 


Val 


Ala 


Val 


Pha 


Val 


Cya 


Lya 


Sar 


Lau 


Lau 


Trp 


208 


309 


Lya 


Lye 


Val 


Leu 


Pro 


Tyr 


Lau 


Lya 


Gly 


Zla 


Cya 


Sar 


Gly 


Gly 


Gly 


Gly 


224 


225 


Aap 


Pro 


Glu 


Arg 


val 


Aap 


Arg 


Sar 


Sar 


Gin 


Arg 


Pro 


Gly 


Ala 


Glu 


Aap 


240 


241 


An 


Val 


Leu 


Aan 


Glu 


Zla 


Val 


Sar 


Zla 


Lau 


Gin 


Pro 


Thr 


Gin 


Val 


Pro 


256 


257 


Glu 


Gin 


Olu 


uat 


Glu 


val 


Gin 


Glu 


Pro 


Ala 


Glu 


Pro 


Thr 


Gly 


Val 


Aan 


272 


273 


Mat 


Leu 


Sar 


Pro 


Gly 


Glu 


Sar 


Glu 


Hia 


Lau 


Lau 


Glu 


Pro 


Ala 


Glu 


Ala 


288 
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□ 

00 
09 

ui 
w 

03 

o 
ui 
o 



Lau V«l Pro Al. A*n 



Olu Oly A^ 304 



289 Olu Arg S.r Ola Arg Arg Arg L*u 

305 Pro thr Olu Thr U. Arg Ola Cy. Ph. A* A* «. — A* U» V.l »0 

321 Pro Ph. A^ S« Trp Olu Pro U. H.t Arg Ly. k*. Oly L.U Hat A* 33« 

,37 '*» Olu 11. Ly. val Al.ty.AU Olu Al. Al. Oly Hi. Arg A* Thr 352 

3S3 X-u Tyr Thr *t L.u II. Ly. Trp VI A*» Ly. Thr Oly Arg A* Al. JM 

369 S.rVal Hi. Thr I-« L.u A*, Al. I*u Olu Thr 1-u Oly Olu Arg L.u 384 

3SS Al. Ly. Ola Ly. II. Olu-A* Hi. U» I*u S.r S.r Oly Ly. Ph. «.t 400 

401 Tyr I*u Olu Oly A» Al. As* S.r Al. K.C S.r Kad 



k An amino acid sequence of a human TR6. (SEQ ID NO: 2). 



One polynucleotide of the present invention < 
a^doni^and 
S hunmthyinusstio.nalce^ 

bone narrow cells using the expressed s^uencettg (EST) analysis (Adams, M.D..efai 
Sdemx (1991) 252:1651-1656; Adams. MJ>. etaL.Nature, (1992) 55*632*634; 
Adams, MD, «* at, (1595) 377 Supp:3-174). Porynudeotides of the invention 
can also be obtained fit>m natural sources sudi as gemwn^ 
10 iyntte«ed using wefl known uulM 

The nucleotide sequence encoding TR6 polypeptide of SEQ ID NO:2 may be 
identical to the polypeptide encoding sequence contained in Table 1 (nucleotide number 94 
to 1329 of SEQ ID NO:l), or it may be a sequence, which as a result of the redundancy 
(degeneracy) of the genetic code, also encodes the polypeptide of SEQ ID NO:2. 

When the polynucleotides of the invention are used for the recombinaat production 
ofTR/6 polypeptide, the porynudeotide may include the coding sequence fijr the mature 
polypeptide or a fiagment thereof 
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secretory sequence, a pre-, or pro- or prepro. protein sequence, or other fiision peptide 

portioni For ecample, a marker sequence vdnchftdfitatespurificaticmofthefi^ 

polypeptide can be encoded In cwtam preferred embodiments tf 

the marker sequence is a hexa-histitfne peptide, as provided m the pQE 

and described in Gentz etaL.Proc Nad Acad Sd USA (1989) 86:821-824, or is an HA tag. 

The polynucleotide may also cental 

^dt^H wpiwv^, tplidng and potvadenvfagon signal! ribosome binding sites and 
yfq uf nre* that gtflH*^ mRMA^ 

Father prefentd embocfin^ 
the ammo add sequence of TM polypeptide ofTaMel(SEQ ID N03) in which several, 
5-10, 1*5, 1-3, 1-2 or 1 amino acid residues are subs t it ut ed, deleted or added, in any 
combination Among the prtfared polynucleotides©^ 

Table 3 (SEQ ID NO: 3) encoding the amino acid sequence of Table 4 (SEQ ID NO: 4). 

Tabler 



1 AIOACCTCCT vril ' ltil ' lTU CGCTGCACCA GOTOTGATTC AGGTOAAGTQ 

SI OAGCIAAQTC CCTGCACCAC G ACCAGAAAC ACAOTGTCTC A3T0COAAOA 

loi AgocACcrrc cgggaaoaab ArrcrccTOA gaottoccgo aagtgccgca 

151 CROOGTOTCC CAgAGGGATO OTCAWMfrCG GTGAXTGTAC ACCCTGGAOT 

201 GACATCGAAX GTGT CC ACAA AGAATCAGGC ATOVTCATAg GAGTCACAGT 

231 TOCAOCCG TA GTCTTGATTG TGGCItJTOTT TOTTTGC*Ag TCTTTACTOT 

301 OOAAgAAAOT CCTTCCTTAC CTGAAAOOCA TCTGCTCAGO T00TG0T300 

351 OACCCTGAGC OTOTOGACAO AAOcTCACAA CGACCTOGOO CTOAOOACAA 

401 TGTCCTCAAX GAOATCOTQA GTATCTTGCA OCCCACCCA3 0TCCCT3AQC 

451 AGOAAATOGA AOTCCAOGAG CCAGCAOACC CAACW30TOT CAACATOTTG 

501 TCCCCCGCGQ ASTCAGAflCA TCTGCTGQAA CGGGCAflAAfl CIGAAAOOTC 
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551 TCAOAGOAGO AGGCTGCTGG TTCCAGCAAA TCAAGGTOAT CCCACTOAOA 
601 CTCTflAflAGA OTGCTTCQAT GACTTT9GA0 ACRGGTGCC CTl'lUACTCC 
651 TOGOAgCCgC TCAIGAGGAA GTTGGGCCTC AXGOACAATg AOATaAAQOT 
701 OOCTAAAOCT OAOGCAfiOOO QCCACAGQOA CACCTTOTAC ACOATOCTOA 
751 TAAAOTOOOT CAACAAAACC OOOCGAOAIO CCTCIOTCCA CACCCT S CT Q 
801 OAT0CCTT3Q AOACQCTOQa iAOAOAQACTT OCCAAGCAOA AOAirOAGCU 
851 CCACITC3TT0 AGCTCTGGAA AOTTCATOTA TCTAOAAGOT AA2GGAOACT 
901 CTOCCATGTC CTAAOTOTOA TTCTCTTCAfl GAAGTCAflAC CTTCCCTOGT 
551 TTACCTTTTT TCT30AAAAA 0CCCAACT3G ACTCCAOTCA GTAGGAAAGT 

1001 OCCACAATTQ TCACATOACC GOTACTGOAA OAAACTCTCC CAXCGAACAT 

1051 CACCCAOTOO AT 



* A putiil nucleotide sequence of a human TR6. (SEQIDNO:3). 

1 DLLFCLRCTR CDSGEVSLSP CTTTWJTVCQ CREQTFR2KD SPKMCRKCRT 

51 OCPROMVXVa DCTPWSDIBC VHKBSOUIC VTVAAWLIV AVFVCXSLLW 

101 KKVLPTLICOI CSGGGGDPBR VDRSSQRPOA SDNVL55IVS ILQPTQVPIQ 

151 BOVQBPABP TOVKKLSPGB SRKLLBPA2A TOQWWLLV PAOTGDPTKT 

201 LRQCFDDPAD LVPPD3WHPL MRKLOLHDNB XKVAKA2AAG HRDTLYTOLI 

251 nrVRJOTRDA SVKTLLDALB TLQSRLAJGQK ISDHLL3SOK FMYLBONADS 



301 AUS* 

A partitl«mino tod sequence of t human 1TL6. (S£QIDNO:4). 
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The present invention further relates to polynucleotides that hybridize to the herein 
above-described sequences. In this regard, the present invention especially relates to 
polynucleotides which hybridize under stringent conditions to the herein above-described 
polynucleotides. As herein used, the term "stringent conditions" means hybridization win occur 
only if there is at least 95% and preferably at least 97% identity between the sequences. 

Polynucleotides of the invention, which are identical or sufficiently identical to a 
nucleotide sequence contained in SEQ JD NO: 1 or a fragment thereof; including that of SEQ 
ID NO:3, may be used as hybridization probes for cDNA and genomic DNA. to isolate full- 
length cDNAs and genomic clones encoding TR6 and to isolate cDNA and genomic clones of 
other genes that have a high sequence similarity to the TR6 gene. Such hybridization 
techniques are known to those of skill in the art Typically these nucleotide sequences are 80% 
identical, preferably 90% identical, more preferably 95% identical to that of the referent The 
probes generally will comprise at least 15 nucleotides. Preferably, such probes will have at least 
30 nucleotides and may have at least 50 nucleotides. Particularly preferred probes will range 
between 30 and 50 nucleotides. 

In one embodiment, to obtain a polynucleotide encoding TR6 polypeptide comprises 
the steps of screening an appropriate library under stringent hybridization conditions with a 
labeled probe having the SEQ ID NO: 1 or a fragment thereof; including that of SEQ ED 
NO: 3, and isolating full-length cDNA and genomic clones containing said polynucleotide 
sequence. Such hybridization techniques are well known to those of skill in the art Thus in 
another aspect, TR6 polynucleotides of the present invention further include a nucleotide 
sequence c ompri sing a nucleotide sequence that hybridize under stringent condition to a 
nucleotide sequence having SEQ ID NO: 1 or a fragment thereof; including that of SEQ ID 
NO:3. Also included with TR6 polypeptides are polypeptide. comprising amino acid sequence 
encoded by nucleotide sequence obtained by the above hybridization condition. Stringent 
hybridization conditions are as defined above or alternatively conditions under overnight 
incubation at 42°C in a solution comprising: 50% fbrmamide, SxSSC (1 50mM NaCI, 1 5mM 
trisodium citrate), .50 mM sodium phosphate (pH7.6), 5x Denhardt's solution, 1 0 % dextrah 
sulfite, and 20 microgr a m/ml denatured, sheared salmon sperm DNA, followed by washing the 
fibers in 0. lx SSC at about 65°C. 
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The polynucleotides and polypeptides of the pr^ 
research reagents and materials for discovery of treatments and diagnostics to animal and 
human disease. 

Vectors, Host Cells, Expression 

He present invention also relates to vectonwhidi comprise a polynucleotide or 
polynucleotides of the present invention, and host cells winch are genetically engineered with 
vectonofthe invention and to the 

techniques. Cell-free translation systems can also be employed to produce such proteins using 
RNAj derived from the DNA constructs of the present invention. 

For recombinant production, host cells can be genetically engineered to incorporate 
expression systems or portions thereof for pofciwdeotidttofthepresetf invent^ 
Introduction of polynucleotides into host cells can be effected by methods described in many 
standard laboratory manuals, such as Davis et aL, BASIC METHODS IN MOLECULAR 
BIQLOGI '(1986) and Sambrook et ^MOLECUUR CLONING: A LABORATORY 
AltfK^ 2nd M, Cold Spring Haito (1989) 
such as calcium phosphate transftction, DEAE-dextran mediated transfection, transvection, 
microinjection, canonic Epid-raediated transaction, dectroporation, transduction, scrape 
barfrn& ballistic introduction or infectioa 

Reprrvntatfve examples of appropriate hosti inchida h*ct*ri*\ t^S\ ^ ^ich w 
streptococci, s|^^ 

as yeast cells and Aspergillus cdls; insert cdls such uZ>rnsgp&fe 

cells; animal cells such as CHO, COS, HeLa, C 127, 3T3, BHK, HEK 293 and Bowes 

melanoma cdls; and plant cdls. 

A great variety of expression systeaa can be used. Such systems include, among 
others, chromosomal, episomal and virus-derived systems, eg., vectors derived fam bacterial 
plaanids, from bacteriophage, from transposons, from yeast episomes, from insertion dgnwrn, 
from yeast chromosomal dements, from viruses such as bacdovinisea.papovavinisea, a 
SV40;vicdnU viruses, adewjv^^ 
and vectra derived from combination 
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bactaiophagege^c dements, such as cosn^ The expression systems may 

contain control regions that regulate as well as engender expression. Generally, any system or 
vector suitable to maintain, propagate or express polynucleotides to produce a polypeptide in a 
host nay be used. Tie appropriate nucleotide sequence may be inserted into an expression 
system by any of a variety of weffl-known aiui routine techniques, such as, foreran 
set forth in Sambrook et a/., MOLECUUR CLONING. A LABOFATOBI MANUAL {supra). 

For sfOTt^n *»f trattbtfarf protan into the hnncn of the endoplasmic retiorfum, into 
the periplasmic space or into the extracellular environment, appropriate secretion signals may 
be incorporated into the desired polypeptide. Ttoesignab may 
polypeptide or they may be heterologous signals. 

If the TR6 polypeptide is to be expressed for use m screening assays, generally, it is 
preftned that the polypeptide be produced at the surfcee of the eel In this event, the cells 
may be harvested prior to use in the screening assay If TR6 polypeptide is secreted into 
the medium, the medium can be recovered in order to recover and purify the polypeptide; 
if produced intracellulariy, the cells must first be iysed before the polypeptide is recovered. 

TR6 polypeptides can be recovered and purified from recombinant cdl cultures by 
well-known methods including ammonium sulfite or ethanol precipitation, acid extraction, 
anion or cation exchange chromatography, phosphocellulose chromatography, hydrophobic 
interaction chromatography, affinity chromatography, hydroxyiapatite chromatography and 
lectin dromatography. Most preferably, high performance liquid chromatography U employed 
for purification. WeO known techniques for refolo^ 

active confirmation when the polypeptide is denatured during isolation and or purification. 

Diagnostic Assays 

Thbinveirion also relates to the u 
reagents. Detection of a mutated form of TR6 gene associated with a dysfunction will provide 
a diagnostic tool that can add to or define a diagnosis of a disease or susceptibility to a disease 
which results fiommider-expressioa over-expression or altered expression of TR6. 
Imfividuals carrying notations in the TM gene may be detected at the D 
of techniques. 
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Nucleic acids for diagnosis may be obtained from a subject's cells, such as from blood, 
urine, saliva, tissue biopsy or autopsy material. The genomic DNA may be used dirtctlyfor 
detection or may be amplified enzymaricaily by using PCR or other amplification techniques 
prior to analysis. RNA or cDNA may also be used in similar fcshiori. Deletions and insertions 
can be detected by a change in size of the amplified product in comparison to the normal 
genotype Point mutations can be id^edty hybridizing an^jfifiedDN^ 
nucleotide sequavces. Pqfectly matched sequences can be (fistinguishedfrom TniCTtfhhe d 
duplexes by RNase digestion or by differences in mehing temperatures. DNA sequence 
differences may also be detected by alterations in dectrophoretic mobility ofDNA fragments in 
gels, with or without denaturing agents, or by direct DNA sequencing. See, eg., Myers et al, 
Science (1985) 230:1241 Sequence changes at specific locations may also be revealed by 
nuclease protection assays, such as RNase and S 1 protection or the chemical cleavage method. 
See Cotton etol, Proc Nad Acad Set USA (1985) 85: 4397-4401. In another embodiment, an 
amy of oligonucleotides probes comprising TR6 nucleotide sequence or fragments thereof 
can be constructed to conduct efficient screening of e.g., genetic mutations. Array 
technology methods are well known and have general applicability and can be used to 
address a variety of questions in molecular genetics including gene expression, genetic 
linkage, and genetic Variability. (See for example: MChee et aL, Science, Vol 274, pp 
610-613(1996)). 

The diagnostic assays offer a process for diagnosing or determining a susceptibility to 
- chroni c and acute inflammation, arthritis, septicemia, autoimmune diseases (eg. inflammatory 
bowd disease, psoriasis), transplant rejection, graft vs. host dis e ase; infection, stroke, ischemia, 
acute respiratory disease syndrome, restenosis, brain injury, AIDS, Bone diseases, cancer (eg. 
tymphoproGferative disorders), atherosclerosis, and Alzheimen disease, through detection of 
mutation in the TTL6 gene by the methods described. 

In addition, chronic and acute inflammation, arthritis, septicemia, autoimmune diseases 
(eg. inflammatory bowd disease, psoriasis), transplant rejection, graft vs. host disease, 
infection, stroke, ischemia, acute respiratory disease syndrome, restenosis, brain injury, AIDS, 
Bone diseases, cancer (eg. lymphoproliferative disorders), atherosclerosis, and Alzheimen 
disease, can be diagnosed by methods comprising determining from a sample derived from a 
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subject an abnormally decreased or increased level of TR6 polypeptide or TR6 mRNA 
Decreased or increased expression can be measured at the RNA level using any of the 
methods wdl known in the art for the quantitation of polynucleotides, such as, for 
example, PCR, RT-PCR, RNase protection. Northern blotting and other hybridization 
methods. Assay techniques that can be used to detenninelevdbcrfaprot^suchasanTR6, 
m a sampte derived^ a host are wefl-knoro Such assay methods 

ia^eradioinmiunoassays, compete 
assays. 

* 

Chromosome Assays 

The nucleotide sequences of the present invention are also valuable for chromosome 
iff^firtttinn The sequence is specifically targeted to and can hybridize with a particular 
location on an individual human chromosome. The mapping of relevant sequences to 
chromosomes according to the present invention is an important first step in correlating those 
sequences with gene associated disease. Once a sequence has been mapped to a precise 
chromosomal location, the physical position of the sequence on the chromosome can be 
correlated with genetic map data. Such data are found, for example, in V. McKusick, 
Menddian Inheritance in Man (available on line through Johns Hopkins University Welch 
Medical Library). The relationship between genes and diseases that have been mapped to the 
same chromosomal region are then identified through linkage analysis (coinheritance of 
physically adjacent genes). The differences in the cDNA or genomic sequence between 
iffVtH md unaffected individuals can also be determined. If a mutation is observed in 
some or all of the affected individuals but not in any normal individuals, then the mutation 
is likely to be the causative agent of the disease. 

Tie 3' untranslated region of TR6 matches the 295 bp nucleotide sequence of a 
mapped EST (Genbank ID: D20151). This EST has been mapped by the Whitehead Institute 
to chromosome 8, 97.68 cR from the top of the Chromosome 8 linkage group 
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Antibodies 

The polypeptides of the invention or their fragments or analogs thereof or cdls 
expressing them can also be used a, immunogens to prc^aim^odiesinminospedficforthe 
5 ^polypeptides. mtem'inanuMS^ 

greater affinity for the polypeptides of the inverrion than their affinity to 

polypeptides in the prior art 

ArmbodiesgeiieratedagaiiisttheTO 

the porypeptides or ephope^earing fi^^ 
10 norJmiaAUsingroutmeprot^ 

which provides antibodies produced by continuous cell line cultures can be used Examples 
g include the hybridoma technique (Kohler. G. and Ma*ein,C, Nature (1975) 256:49*497), 

CO to trfon* technic the hurnm 

ij Today (1983) 4:72) and the EBV-hybridoma technique (Cole et aL, MONOCLONAL 

£ 15 ANTIBODIES AND CANCER THERAPY, pp. 77-96, Alan R. Lisa, Inc., 1985). 
"P Techniques fortheproduriono^ PatentNo. 4,946,778) 

3 can also be adapted to produce single chain antibodies to polypeptides of this invention. Also, 

O transgenkrmce, or odnff organic 

jj ' humanized antibodies. 

'4 20 Theabove^escribedanubodies may be err^loyed to isolate or to identify clones 

expressing the polypeptide or to purify the porypeptides by affinity ctoc^ 

^^w;^ .g. w TR& polypeptides mav also be employed to treat chronic and acute 
fatfanirnanoii, arArnis, septicerr^ 

psoriasis), transplant rejection, graft vs. host disease, infection, stroke, ischemia, acute 
25 respiratory disease syndrome, restenosis, brain injury, AIDS, Bone diseases, cancer (eg. 
ryTnrahoproliferarive disordenX atheroschlerosis, and Alzheimers disease, among othen 

Vaccines 

Another aspect of the invention relates to a method for inducing an immunological 
30 response in a manunal which coniprises tooculating the rnammal with TR6 polypeptide, or 
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a fragment thereof adequate to produce antibody and/or T cell immune response to 
protect said animal from chronic and acute inflammation, arthritis, septicemia, autoimmune 
disease (eg. inflammatory bowel disease, psoriasis), transplant rejection, graft vs. host disease, 
infection, stroke, ischemia, acute respiratory disease syndrome, restenosis, brain injury, AIDS, 
Bone dj ttflv*, cancer (e.g. iymphoproliferaiive disorders), atheroschlerosis, and Alzheimers 
disease, among others. Yet another aspect of the invention relates to a method of inducing 
immunological response in a mammal which comprises, delivering TR6 polypeptide via a 
vector directing expression of TR5 polynucleotide m vivo in order to induce such an 
immunological response to produce antibody to protect said animal from diseases. 

Further aspect of the invention relates to an immunological/vaccine formulation 
(composition) which, when introduced into a mammalian host, induces an immunological 
response in that mammal to a TR6 polypeptide wherein the composition comprises a TR6 
polypeptide or TR6 gene. The vaccine formulation may further comprise a suitable 
carrier. Since TR6 polypeptide may be broken down in the stomach, it is preferably 
administered partnterally (including subcutaneous, intramuscular, intravenous, intradermal 
etc. injection). Formulations suitable for parenteral administration include aqueous and 
non-aqueous sterile injection solutions which may contain anti-oxidants, buffers, 
bacteriostats and solutes which render the formulation instonic with the blood of the 
recipient; and aqueous and non-aqueous sterile suspensions which may include suspending 
agents or thickening agents. The formulations may be presented in unit-dose or multi- 
dose containers, for example, sealed ampoules and vials and may be stored in a freeze- 
dried condition requiring only the addition of the sterile liquid carrier immediately prior to 
use. The vaccine formulation may also indude adjuvam systems for enhancing the 
immunogenicity of the formulation, such as oil-in water systems and other systems known 
in the art The dosage will depend on the specific activity of the vaccine and can be readily 
determined by routine experimentation. 

Screening Assays 

The TR6 polypeptide of the present invention may be employed in a screening process 
for compounds which bind the receptor and which activate (agonists) or inhibit activation of 

25 



GH-50008 



(antagonists) the receptor polypeptide of the present invention. Thus, polypeptides of the 
invention ihay also be used to assess tte 

example, cells, cell-free preparations, chemical libraries, ami natural piodua rm^ 
substrates and iigands may be natural substrates and Egands or may be structural or functional 
5 mimetics. See CoBgan etaL, Current Protocols in Immunology l(2):Chapter 5 (1991), 
TR5 polypeptides are responsible for many biological functions, including many 
pathologies. AccoraTngry. hu desirous to ftodcoitipound^ 

the one baalard which can inhibit In ger^ agonists 

arc employed for therapeutic and proprr/lactk purposes for such ccmd^ 
10 mtf* mfl^nm.rirm, arthritis, septicemia, autoimmune diseases (e.g. mflammatory bowel 

disease, pscriasisX tnmsplam rejectioii, graft 
C respiratory disease syndrome, restenosis, brain injuty, AIDS, B<>ne diseases, cancff(e.g. 

rynqjhoproliferalive disorders), atheroschlerosis, and Aldwmen disease, 

H 1 Antagonists may be employed for a variety of therapeutic and prophylactic purposes 

(J! i5 for such conditions as chronic and acute inflammation, arthritis, septicemia, autoimmune 

% diseases (eg. iriflamrnatory bowd disease, psoriasis), transplant rejection, graft vs. host disease, 

' infection, stroke, ischemia, acute respiratory disease syndrome, restenosis, brain injury, ADDS, 

1/1 Bone diseases, cancer (eg. lymphoproliferative disorders), atheroschlerosis, and Alzhemers 

CD 

£ disease. 

£ 20 lngenend,suchsoeeningproced^ 

express the receptor polypeptide of tte Such cells 

»U»rin r#flt frnm nwnmal^ yi^ 7>tMopA/fa of £ coli. Cells expressing the receptor (or cell 
membrane containing the expressed receptor) are then contact compound to 

observe binding or stimulation or inhibition of a functional response. 

25 The assays may simply test binding of a candidate compound wherein adherence to 

the cells bearing the receptor is detected by means of a label directly or indirectly 
associated with the candidate compound or in an assay involving competition with a 
labeled competitor. Further, these assays may test whether the candidate compound 
results in a signal generated by activation of the receptor, using detection systems 

30 appropriate to the cells bearing the receptor at their surfaces. Inhibitors of activation are 
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generally assayed in the presence oft known agonist and the effect on activation by the 
agonist by the presence of the candidate compound is observed. Standard methods for 
conducting such screening assays are well understood in the art 

Examples of potential TR6 antagonists inchideantibodks or, m some cases, 
5 ofigonudeonde.^ 

oftteligand.wsrna^^ 

the activity of the receptor is prevented. 

Prophylactic and Therapeutic Methods 
10 This invention provides methods of treating abnormal coalitions «^ 

acute inflammation, arthritis, septicemia, artammune diseases (e.g. inflammatory bowd 
b disease, psoriasis), transplant rejection, graft vs. host disease, infection, stroke, ischemia, acute 

g respiratory disease jymlrorne. restenosis, bram injury, ATOS,^ 

jjj ^phopraBe^disoidnX ameroschlerosis, and Alzheirners disease, related to both an 

P 15 excess of and insufficient amounts of TR6 activity. 

If the activity of TR6 is in excess, several approaches are available. One approach 
comprises admoristering to a subject an intoT«t« expound (a^ 
H described along ™* a ph^ 

° activationby blocking binding bffigands to the TR6, or by inhibiting a second signal, and 

^ 20 thereby aneviating the abnormal condition. In another approach, soluble forms of TR6 

polypeptides still capable of binding the ligand in competition with endogenous TR6 may 
be administered. Typical embodiments of such competitors comprise fragments of the 
TR6 polypeptide. 

In stiO another approach, expression of the gene encoding endogenous TR6 can be 
25 inhibited using expression blocking techniques. Known such tecMques involve the use of 
antisense sequences, either internally generated or separately administered. See, for 
example, O'Connor, JNeurochtm (1991) 56:560 in Oligpd^WMclcntidq « Antigense 
Tnhfhrtoni of Gene Expression. CRC Press, Boca Raton, FL (1988). Alternatively, 
oligonucleotides which form triple helices with the gene can be supplied. See, for 
30 example, UtetaL, Nucleic Acids Res (1979) 6:3073; Cooneyefai. Scfenc* (1988) 
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241:456; Detvan et aL, Science (1991) 251:1360. Iliese oHgomen can be administered 
perse ox the relevant oligomers can be expressed in vivo. 

For treating abnormal condfcow related to anuria 
several approaches are also available. One approach comprises adnnni^^ 
5 therapeutically effective am^ 
desaibed above, in combination 

the abnormal condition. Alternatively, gene therapy m^ be employed to e^ the endogenous 
production ofTOS by the rdevant cells in the subject For example a polynicleotideofthe 
invention may be engineered ex^ 
10 discussed above. The retroviral expression constnictmay then be isolated and intxodiu^ into 
a packaging cell transduced with a retroviral plasmid vector^ 
O polypeptide crfthepie^ 

§ partides containing the gene of interest Tlese producer cdls may be admintaered to a siiject 

'UJ for engineering cells in and expression of the potypeptU 

£H 15 therapy, see Chapter 20, Gene Therapy and other Mckadar(knetiC'based Therapeutic 

% Approaches, (and references cited therein) in Human Molecular Genetics, T Strachan and AP 

* m Read, BIOS Sdentific Publishers Ltd (1996). Another approach is to administer a therapeutic 

i/l amount of TR6 polypeptides in combination with a suitable pharmaceutical carrier. 

O 

^ 20 Formulation and Administration 

Peptides, such as the soluble form of TR6 polypeptides, and agonists and antagonist 
peptides or small molecules, may be formulated in combination wMi a su^ 
carrier. Such formulations comprise * therapeutically effective amount of the polypeptide or 
compound, and a pharmaceutical^ acceptable carrier or excipient Such carriers include but 
25 are not limited to, saline, buffered saline; dextrose, water, glycerol, ethanol, and combinations 
thereof Formulation should suit the mode of administration, and b well withm 
art The invention further relates to pharmaceutical packs and kits comprising one or more 
containers filled with one or more of the ingredients of the aforementioned compositions of the 
invention. 
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Polypeptides and other compounds of the present invention may be (Employed alone or 

in conjunction with other compounds, such as therapaitic compounds. 

Preferred forms of systemic administration of the pharmaceutical compositions include 

injection, typically by intravenous iigection. Other injection routes, such as subcutaneous, 

5 intramuscular, or intraperitoneal, can be used. Alternative means for systemic administration 

include transmucosal and transdermal administration using penetrants such as bile sahs or 

fusidic acids or other detergents. In addition, if property formulated in enteric or e nc a ps u l a t ed 

formulations, oral administration may also be possible. Administration of these compounds 

may also be topical and/or localized, in the form of salves, pastes, gels and the like. 

10 The dosage range required depends on the choice of peptide, the route of 

administration, the nature of the formulation, the nature of the subject's condition, and the 

a judgment of the attending practitioner. Suitable dosages, however, are in the range of 0. 1-100 

W Hgfcg of subject Wide variations in the needed dosage, however, are to be expected in view 

CO 

U1 of the variety of compounds available and the differing efficiencies of various routes of 

1 5 administration. For example, oral administration would be expected to require higher dosages 
Q than administration by intravenous injection. Variations in these dosage levels can be adjusted 

* using standard empirical routines for optimization, as is well understood in the art 

Polypeptides used in treatment can also be generated endogenously in the subject, in 
9 treatment modalities often referred to as "gene therapy" as described above. Thus, for 

<0 20 example, cells from a subject may be engineered with a polynucleotide, such as a DNA or 
RNA, to encode a polypeptide ex ww, and for example, by the use of a retroviral plasmid 
vector. The cells are then introduced into the subject. 

Examples 

25 The examples below are carried out using standard techniques, which are well known 

and routine to those of skill in the art, except where otherwise described in detail. The 
©camples illustrate, but do not limit the invention. 
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Example 1 

Two ESTs (EST#1760054 and EST#1635744) with sequence similarity to the human 

TNF receptor were discovered in a commercial EST database. Analysis of the two nucleotide 

5 sequences (3,466 bp and 2,641 bp respectively), revealed each was a partial sequence of the 

complete cDNA sequence, overlapping, with 100% identity, 2,226 bp at the nucleotide leveL 

Togethff, the two sequences encompassed the complete predicted cDNA sequence of 3,88 1 

bp, and encoded an open reading frame for a novel member of the TNF receptor superfemily 

and named TR6. The predicted protein is 41 1 amino acids long with a hydrophobic membrane 

10 spanning region indicating that at least one form of TR6U expressed as a membrane bound 

protein. Comparison of TR6 protein sequence, with other TNF receptor family proteins 

□ indicates that it has two of the cysteine-rich repeats characteristic of the extracellular domains 

p of this family, and an intracellular death domain. 

Ul 
U 

gv is 

A3 

£ Northern blot of TR6. 

' Various tissues and cell lines were screened for mRNA expression by Northern blot 

C 

IT! RNA was prepared from cells and cell lines using Tri-Reagent (Molecular Research Center 

^ Inc., Cincinnati, OH), run in denaturing agarose gels (Sambrook et aL, Molecular Cloning: a 

■j0 20 laboratory manual, 2nd Ed. Cold Spring Harbor Lab Press, NY (1989)) and transfered to Zeta- 
probe nylon membrane (Biorad, Hercules, CA) via vacuum blotting in 25mM NaOh for 90 
min. After neutralization for 5-10 minutes with 1M tris-HCl, pH 7.5 containing 3M Nad, the 
blots were prehybridized with 50% formamide, 8% dextran sulfate, 6XSSPE, 0. 1%SDS and 
lOOmg/ml of sheared and dentured salmon sperm DNA for at least 30 min. At 42°C. cDNA 
25 probes were labeled with 32P-CTP by random priming (Statagene, La Ma, CAX briefly 
denatured with 0.25M NaOH and added to the prehybridization solution. After a further 
incubation for at least 24h at 42°C, the blots were washed in high stringency conditions and 
exposed to X-ray film. 

Very high expression of TR6 RNA was detected in aortic endothelial cells. High 
30 expression was also detected in monocytes. Low expression was detected in bone marrow and 
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CD4+ activated PBLs. Very low, but detectable levels of TR6 RNA was expressed in CD19+ 
PBLs. CD8+ PBLs (both activated and unstimulated), and unstimulated CD4+ PBLs. 

In hematopoietic cell lines, low levels of TR6 RNA was expressed in HL60 
(promyelocyte), KGla (promyeloblast) and KG1 (myeloblast) cell lines. Very low but 
fcte^lelevebofTR6Pmwasexp^ (monocyte) ceD 



lines. 

The major RNA form is 3.8 kb m sire. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION 

(1) APPLICANT: DSEN, KEITH C 
TOONS, PETER R 

(ii) TITLE OF 1KB INVENTION: TUMOR NECROSIS FACTOR RELATED 

RECEPTOR, TR6 

(iii) NUMBER OF SEQUENCES: 4 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: RATNER fc PRSS7TA 

(B) STREET: P.O. SOX 980 

(C) COT: VALLEY FORGE 

(D) STATS: PA 
(S) COUNTRY: USA 
(F) ZIP: 19482 

(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Diskette 

(B) COMPUTER: IBM Coop&tible 
(O OPERATING SYSTEM: DOS 

(D) SOFTWARE: PastSEQ for Windowe Version 2.0 

(ri) CURRENT APPLICATION DATA: 
. (A) APPLICATION NUMBER: TO BE ASSIGNED 

(B) PILING DATS: 09 -MAY- 1997 

(C) CLASSIFICATION: Unknown 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: €0/041,230 
(8) FILING DATE: 14 -MAR- 1997 
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(viii) ATX0RKS7/AGSZrr INFORMATION: 
(A) NAMH: PR2STIA, PAUL P. 

<B) REGISTRATION NUMBER: 23,031 
5 (C) REFKRSNC2/DOCXST NUMBER: GH-50008 

(ix) TELECOMMUNICATION XHFOKMAXIOtf: 

(A) TELEPHONE: £10-407*0700 

(B) TELEFAX: (10-407-0701 
10 (C) TELEX: 846169 



(2) INFORMATION FOR SSQ ZD BO:l: 

□ 

jg 15 (i) SEQUENCE CHARACTERISTICS: 

ifi (A) LSNCJTH: 3,881 ba«« pairs 

y (B) TKPI; nuclaic acid 

Q) (C) STRANDBDNESS: lingla 

£ (D) TOPOLOGY: linear 

q 20 (ii) UDLECULB TYPE: CDNA 

in 

O 

M WVMOtiUCC ACAAAAIACA CCQACOAIOC CCOATCTACT TEAAOGGCIO AAACCCACGG 60 

25 OCCIUAGAflA CXAXAAGAGC 0XTCCCXACC GCCAIGGAAC AAOtSGGOACA QAAOGCCCCO 120 

TO^TIVti OOOCCCOOAA AAOOCACGQC CCAOGACCCA GOOWX3COCO OGGAOCCAflO 180 

CCi T3 QQCCCC GOOTCCCCAA OACCCTTOTG CTCGITOTCO COGO0GICCT GCIOTTGOTC 240 

TOOCIGAOT CTOCICIW T CACCCAACAA QACCrAOCIC CCCAQCAflAO AOCQQCCCCA 300 

CAACAAAAflA OOTCCAOCCC CTCAflAQGGA TlglU I C C A C CIOQACACCA TATCTCAGAA 360 

30 QAOQGTAflAfl ATTQCAICTC CTOCAAAEAT OGACAOGACT AIAOCACTCA ATSQAATOAC 420 

CTCl ' lTl ' lC T QCnOOOCTQ CACCAOCTTCTT GAXTGAGGTG AAGTGGAGCT AAOTCCCIGC 480 

ACCACQACCA, GAAACACAGT OTOTCAOTGC OAAGAAGGCA CCXTCCGGGA AGAAOATXCT 540 

CCTGAOAOTr GCCGGAAOIO CCGCACAGGG T OT CC CA GAO GGAIGGVCAA GGTCGOTQAX 600 

TJTACACCCT GGAGTQACAX COAATOTGTC CACAAAGAAT CAOGCATCAX CAXAGGAGTC 660 

35 ACAOTXQGA0 CO/IAl/ll ' lT GATKTIGGCr (/lUTl'lUm OGAAOICriT ACTGT9GAAG 720 

AAAOICCTTC CITACCIGAA AQGCAICTOC TCAGGIGGTO GTQQQ G A CC C TGAGOGTGTG 780 



(xi) SEQUENC E DESCRIPTION: S8Q ID N0:1: 
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840 
$00 
960 
1020 
1080 
1140 
1200 
1260 
1320 



1500 
1560 



QACAGAA0CT CACAACGACC TGGGGCTGAG GACAATOTCC TCAAOTAflAX CGTGAOTAXC 

QOTOTCAACA OTTIt3TC0CC CGOGGAGTCA GAGCAICTGC T0GAACC9GC AflAAGCIGAA 
AGGTCTCAGA GGAGGAGGCT GCTGGTICCA GGAAATGAAfl GTGA3CCGAC TGAGACTCIO 
5 MAOUHOCT TCGATGACTT TGCAGACTIG OTGCCCTTT3 ACICCTGGGA (XXGCICAIO 
AQGAA0XT9G GCCTCATGGA CAATGAGAXA AAGOTQGCIA AAGCTGAGGC AGCGOGCCAC 
AOOGftCaCCT TOEACACGAT GCTGAXAAAG TGGGTCAACA AAA CC OOGCO AOAMCCICT 
OTCCACACCC T«OTG^ 

OAOGACCACT TOTTQAOCTC TGGAAAOTTC AOTIAICBtfJ AAGGEAAITJC AGACTCIOCC 

10 AOTICCEAAG TOIGKCTCIC TXCAGGAAGT CAGACCITCC C1W1TUCC TmTrCIGO 1380 

AAAAAOCCCA ACIOOACICC ACTCAffTAGO AAAGIOCCAC AA3TOTCACA TCACCOGTAC 1440 
TCGAAGAAAC TCTCCCATCC AACAICACCC AGTGGA3GGA ACAJCCK7EA ACmTCACT 
OCACPIOC3CA TDUTTTEAX AAOCTGAA30 TOASAAXAAfl GACACXAMO AAAOTTCTGG 

O ATCATTOCOT TTOTGCGTAC TITCAGA3TT GGTCTOGGAX CnCATlWiT TCACAOCACT 1620 

3 15 IvmkX CCX AAT0TAAAT0 CTITAXraX TEATITOGGC -OCA1TSTAA GATCCATCTA 1680 

VI cACAOTOTrr (TrccoAcrrc acitoatact aswgaxaot AACcrrrrrr gqotgggcxw i740 

£ TCC0OOGCW TICACICTOT CTCCCAOGCT GGAffTOCAAX GOT0CAA3CT TOGCICACTA 1800 

JO *b*gocitgac crcrcAOGcr caagcgaitc tcccaccica gccatccaaa tagctgggac I860 

-F CACAGGTOTO CACCACCACG CCCGGCEAAX TTTTTGTA3T TTOTCTAGAT AIAGGGGCIC 1920 

Q 20 TCMOTIOC TCAGGCTXOTr CT0GAATTCC TGGACTCAAG CAGTCTGCCC ACCICAGACT 1980 

UI CCCAAAOCG0 TCGAArtAOA GGCOTMCC CCCATGCTIO GCCTEACCTr TCtACrTTEA 2040 

£ TAATICXOTA TtTrTATTATT TTATGAACAT GAAGAAACTT TAGTAAAIOT ACITCITEAC 2100 

xQ AtAOPTAOT GAAXAGATCA GAZAAACAXA AAAGGAGGAO ACASACAATG OGGGAAGAAG 2160 

^ AAOAAOICCC CIOTAAGAOT TCACTOTCTG OOTTCXMCC CTCCCICAGA WIALTl'lUO 2220 

25 CTTCAATOAX TOOCAACXTC TACAGGGGCC AffrdTTKXA ACTQGACAAC CTOACAAGTA 2280 

wtaAfliAiT atxtaxaogt Affirormc aiatoaotog qqa cc aaaga gaactogaic 2340 

CAOTiaAAar CCWaJH7W GClOaTCCCr ACCTOGGCAO TCICACTTOC ACCCKOOCC 2400 

cooaceato oacagoctgo gacagaogca gatoggitao aicacacaxa acaa3mgot 2460 

cdoticaxa tcccaaotga actioaoccc tgtxtgggct caqgaqaiao aagacaaaax 2520 

30 ciwc r e c c c acgtctgcca tqqcaicaao oqggaaqaqt aoato(7ioct tqagaatoot 2580 

OTOAAAOTOT TOCCATCTCA GGACTAGAIO GCCOGGCTCA CTTCTGOTTA TCTOTCACCC 2640 

TaflfiTTCTVTO V i ' ' ,p TaflGOTAgAC ATPQCCTACT TGAOQACCIT QC^OjC^J^ 2700 

TAAGCAJCTG ACICATCTCA OAAATGTCAA TTCITAAACA CTGTOOCAAC AOGACCTAOA 2760 

AIGGCPGACG CATTAAGOTT TTCTTCTTCT GTCCTGTTCT A3TAXIGTCT TAAGACCTCA 2820 

35 GTAACCAXTT GAGCCTCTTT CCAGCAAACC CTTCTCCAIA GTATXTCAGT CAIGGAAOGA 2880 

TCAnWIGC AGGTAGTCAT TCCWSGW3TT lTlUtfltTVr TCWICTCM OGCATTGTC?T 2940 
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UrmWiCC OQGA L T UOTI ' TGGGIGOGAC AAAOTTAGAA TTGCCXOAA0 AIOlCACATr 3000 

caoactotio TarcraioaA cttttaggao tggggogtga cctttctggt cmoanr 3060 

ocAiccrc i c ccAcrrccAT ctoootocc cAeoaTxror ccccxocact tctooaaooc 3iao 

ACftOGgrscr q luuctivct uwmu cc ' mucioGGC cni ' iuiuc * oaAOGCicao 3iso 

5 cctcaogoct caoaaggtgc CAorcaoaxc cc wr oocr ■ umxuicc ACAOAGOccr 3340 

lllTftfl ft Aflft TGCATCIAflA (TTGTCAGCCT TOXGAUTUTT TAAOATTTCT CTITIAITIT 3300 

WITITIT GAGACAGAAT CTCACTCTCT CGCCCW30CT GOAGIGCAAC GOTACGATCr 3360 

TOQ CICAflTO CAA CCT CC GC CTCCH5G 0TT CAAGCQA1TC TCGTGOCTCA OCCICCGGAG 3420 

TAOCiaOOAT TGCAOOCACC C0CCACCAC3 CCTOGCTAAX TXTTOTA3TT TTAOTAOAGA 3460 

10 COOQ0RTCA CCATOTTGGT CAGGCTGOTC TCGAACTOCT GACCICAOGT GATCCAOUT 3540 

OOCCTCCQAA AOTGCTOGOA TAXACAAGGC OTOAGCCACC AGCGAOGCCA JUJAXAnWlT 3600 

NTwuoraa crrccooANQ acatoaaaia anqgogoott rivnt/nTA qiaacatxh3 3660 

OCTTrOAXAT A3CCCCAGGC GAAAIWCAH GK2ACACA0G ACAGCCAXAO TAXAOTOTOT 3720 

S CACTO/iUCT ' XWWAXXTf TCAT30TTCT GCCCIOTCAA AOOICCC TA T TIOAAA3OT3 3780 

Q) 

Q} IS TTAXAATACA AACAAOOAAO CACAXT3T3T ACAAAAIACT TAOTTATITA TQAATCCATO 3840 

ACCAAAJTAA AZATQAAACC TTAZAXAAAA AAAAAAAAAA A 3881 

W 

01 
CO 



(2) IHFORMATION FOR SSQ ID N0:2: 
O 20 

HI (i) SIQCZNCB CHARACTERISTICS: 

Q 

£ (A) LENGTH: 411 •mi no acida 

£ (B) TYPE: amino acid 



(C) STRAMDKDNBSS : aingla 
25 (D) TOPOLOGY: linaar 

(ii) MQL2CULK TTPB: pro tain 
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(xi) 8SQOZNCS DESCRIPTION: SEQ ZD HO: 2: 



Hat Olu a In Ax? Gly Oln Asn Ala Pro Ala Ala Sar Oly Ala Arg.Lya 

1 5 10 15 

Arg Hit Gly Pro Oly Pro Arg Olu Ala Arg Oly Ala Arg Pro Oly Pro 

20 25 30 

Arg Val Pro Lys Thr Lau Val Lau Val Val Ala Ala Val Lau Lau Lau 

35 40 45 

Val Sar Ala Glu Sar Ala Lau Ila Thr Gin Gin Asp Lau Ala Pro Gin 
SO 55 60 
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Oln Arg Ala Ala Pro Ola Gin Lya Arg Sar Sar Pro Sar Glu Gly Leu 
65 70 75 80 

Cya Pro Pro Gly Hia Hia lie Ser Glu Asp Oly Arg Asp Cya lie Sar 

85 90 95 

Cya Lya Tyr Gly Ola Asp Tyr Sar Thr Ola Trp Asa Asp Leu Leu Phe 

100 105 110 

Cya Leu Arg Cya Thr Arg Cya Asp Sar Gly Glu Val Glu Leu Ser Pro 

115 120 125 

Cya Thr Thr Thr Arg Aaa Thr Val Cya Gin Cya Olu Olu Oly Thr Pha 

130 135 1*0 

Arg Glu Glu Aap Sar Pro Glu Met Cya Arg Lya Cya Arg Thr Oly Cya 
145 150 155 160 

Pro Arg Gly Mac Val Lyi Val Gly Aap Cya Thr Pro Trp Sar Asp Zla 

165 170 175 

Glu Cya val Hia Lya Glu Ser Gly He 11a He Oly Val Thr Val Ala 

180 185 190 

Ala Val Val Leu Ha Val Ala Val Pha Val Cya Lya Sar Leu Leu Trp 

195 200 205 

Lya Lya Val Leu Pro Tyr Leu Lya Gly lie Cya Ser Gly Gly Gly Gly 

210 215 220 

Asp Pro Glu Arg Val Asp Arg Ser Sar Gin Arg Pro Gly Ala Glu Asp 
225 230 235 240 

Asn Val Leu Aan Glu He Val Ser He Leu Gla Pro Thr Gin Val Pro 

245 250 255 

Olu Gin Glu Mat Glu Val Oln Glu Pro Ala Glu Pro Thr Oly Val Aan 

260 265 270 

Mac Leu Ser Pro Oly Glu Ser Glu Hia Leu Leu Olu Pro Ala Glu Ala 

275 280 285 

Glu Arg Ser Gin Arg Arg Arg Leu Leu Val Pro Ala Asn Glu Gly Asp 

290 295 300 

Pro Thr Glu Thr Leu Arg Oln Cya Pha Asp Asp Phe Ala Asp Leu Val 
305 310 315 320 

Pro Phe Asp Ser Trp Glu Pro Leu Met Arg Lya Leu Gly Leu Mat Asp 

325 330 335 

Asn Glu Ha Lya Val Ala Lya Ala Glu Ala Ala Oly Ria Arg Asp Thr 

340 345 350 

Leu Tyr Thr Met Leu He Lya Trp Val Asa Lya Thr Gly Arg Asp Ala 

355 360 365 

Ser Val Mia Thr Leu Leu Asp Ala Leu Olu Thr Leu Oly Olu Arg Leu 

370 375 380 

Ala Lya Gin Lya Zla Glu Asp Hia Leu Leu Ser Ser Gly Lya Phe Met 
3S5 390 395 400 
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Tyr Lau Olu Gly Aaa Ala Aap Sar Ala Mat Sar Bad 
405 410 411 



5 (2) INFORMATION FOR SBQ ID 50:3: 

(i) SBQUETCB CHARACTERISTICS: 

(A) LEKGTH: 1062 basa pairs 

(B) TTFB: ouclaie acid 
10 (C) STRAHDKDNBSS: aiagla 

(D) TOPOLOGT : Untax 

(ii) M0L8CULS TTfPB: CDKA 

(xl) 5EQUSKC8 DESCRIPTION; SBQ ZD KO:3: 

a is 

tQ Aitaccrccr muiimfl oxtccacca oowmwitc AoaiaAAaro OAflcrAAorc 

tt CCIGCACCAC flftCCftflMftr ACAGTCTdTC AOTOCOAAOA AGGCACCTTC COGOAAflAAa 120 

HI ATTCTCCTOA OAOTIOCCOO AAOTGCCGCA CAGGGTGTCC CAOAOOOAOT OTCAAGGTCO 180 

$ GTGATTOTAC ACCCTOOAOT OACATCOAAT OTOTCCACAA AOAATCAGOC AT(»TCAXAO 240 

00 20 GAOTCACAflT TOCAGCCOTA OTCTTGATIG TGOCTGTOTT TGTTTGCAAfl TCnTACTGT 300 

■P GGAAJQAAAGT CC TT C C 1 TAC CTOAAAOOCA TCTGCTCAGO TOOTOGTOGO GACCCTGAGC 360 

L OTXTTOOACAO AAGCTCACAA CGACCTGGGG CTGAGGAjCAA TOTCCTCAAT GAOATCGTOA 420 

^ GTATCnOCA GCCCACCCAG CTCCCTOAGC AGGAAATOOA AOTCCAGOAO CCAGCAOAOC 480 

C CAACAGOTOT CAACAT0TTG TCCCCCGGGO AGTCAOACCA TCTGCTOOAA CCGGCAGAAG 540 

& 25 CTGAAAGGTC TCAOAGGAGO AGGCTGCTOG TTCGAGCAAA TGAAGGTOAT CCCACTGAGA 600 

£ CTCTOAGACA OTOCITCGAX GACTTTGCAG ACTTG0T3CC CrrTOACTCC TGGOAGCCOC 660 

TCAIOA0OAA GTTaGGCCTC ATOOACAATO AOATAAAGOT GGCTAAAOCP OAGGCAOCGG 720 

OCCACAGGOA CACCTTGTAC ACGATGCTOA TAAAGTGGOT CAACAAAACC GGGCOAflATO 780 

CCTCTOTCCA CACCCTOCTO QATGCCTTGG AOACOCTGOG AOAflAGACTT GCCAAGCAflA 840 

30 AOATTOAOGA CCACTTGTTO AGCTCTGOAA AGTTCATGTA TCXAflAAOGT AATGCAGACT 900 

CTOCCATOTC CTAAOTGTGA TTCTCITCAO OAAOTCAOAC CTTCCCTOGT TTACCTTTCT 960 

TCTOOAAAAA GCCCAACTGG ACTCCAGTCA OTAGGAAAGT OCCACAATTO TCACATOACC 1020 

OC7XACTGGAA OAAACTCrCC CATCCAACAT CACCCAOTGO AT 1062 

35 (2) INFORMATIOH FOR SBQ ZD HO:4: 

(i) SBQUSHCB CHARACTERISTICS: 

(A) LENGTH: 303 amino acida 

(B) TYPE: amino acid 
40 (C) STRAHDBDNESS: aingla 
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(0) TOPOLOGY: linear 
(ii) MOLECULB TYFK: protein 

(xi) SBQ0BHC8 DESCRIPTION: SSQ ZD 110:4: 

5 

Aap Leu Leu Phe Cye Leu Arg Cye Thr Arg Cya Aap Ser Gly Olu Val 

1 5 10 15 

Olu Leu Ser Pro Cye Thr Thr Thr Arg Aan Thr Val Cya Ola Cya Olu 
20 25 30 

10 Olu Oly Thr Phe Arg Glu Glu Aap Ser Pro Glu Met Cye Arg Lye Cya 

35 40 45 

Arg Thr Oly Cye Pro Arg Gly Met Val Lye Val Gly Aap Cya thr Pro 

50 55 60 

Trp Ser Aap Zle Glu Cya Val Hie Lye Glu Ser Gly lie Zle He Gly 
15 65 70 75 80 

O val Thr Val Ala Ala Val Val Leu Zle Val Ala Val Pha Val Cya Lya 

§ 85 90 55 

Ul Ser Leu Leu Trp Lye Lye Val Leu Pro Tyr Leu Lye Gly Zle Cye Ser 

Ul loo 105 iio 

^ 20 Gly Gly Gly Gly Aap Pro Glu Arg Val Aap Arg Ser Ser Gin Arg Pro 



115 120 125 

Gly Ala Olu Aap Aan Val Leu Aan Glu Zle Val Ser Zle Leu Gin Pro 
O 130 135 140 

Thr Gin Val Pro Glu Gin Glu Met Glu Val Gin Glu Pro Ala Glu Pro 
\q 25 145 150 155 180 

v£ Thr Gly Val Aan Met Leu Ser Pro Gly Glu Ser Glu His Leu Leu Glu 

SI 165 170 175 

Pro Ala Glu Ala Glu Arg Ser Gin Arg Arg Arg Leu Leu Val Pro Ala 
180 185 190 

30 Aan Olu Gly Aap Pro Thr Glu Thr Leu Arg Gin Cya Phe Aap Aap Phe 

195 200 205 

Ala Aap Leu val Pro Phe Aap Ser Trp Glu Pro Leu Met Arg Lya Leu 

210 215 220 

Gly Leu Met Aap Aan Glu Zle Lye Val Ala Lya Ala Glu Ala Ala Gly 
35 225 230 235 240 

Hie Arg Aap Thr Leu Tyr Thr Hat Leu Zle Lya trp Val Aan Lya Thr 

245 250 255 

Gly Arg Aap Ala Ser Val Hia thr Leu Leu Aap Ala Leu Glu Thr Leu 
260 265 270 

40 Gly Olu Arg Leu Ala Lya Gin Lya Zle Glu Aap Hia Leu Leu Ser Ser 

275 280 28S 
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Ala Aap S«r Ala Mac Sar 

300 
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What is claimed is: 

1 . An isolated polynucleotide comprising a nucleotide sequence that has at 
least 80% identity to a nucleotide sequence encoding the TR6 polypeptide of SEQ ID 
NO:2 over its entire length; or a nucleotide sequence complementary to said nucleotide 
sequence. 

2. The polynucleotide of claim 1 wiuchisDNAorRNA. 

3. The polynucleotide of claim 1 wherein said nucleotide sequence is at least 
80% identical to that contained in SEQ ID NO:l. 

4. The polynucleotide of claim 3 wherein said nucleotide sequence comprises 
the TR6 polypeptide encoding sequence contained in SEQ IDNO:l. 

5. The polynucleotide of claim 3 which is polynucleotide of SEQ ID NO: 1 . 

6. A DNA or RNA molecule comprising an expression system, wherein said 
expression system is capable of producing a TR6 polypeptide comprising an amino acid 
sequence which has at least 80% identity with the polypeptide of SEQ ID NO:2 when said 
expression system is present in a compatible host celL 

7. A host cell comprising the expression system of claim 6. 

8. A process for producing a TR6 polypeptide comprising culturing a host of 
claim 7 under conditions sufficient for the production of said polypeptide and recovering 
the polypeptide from the culture. 
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9. A process for producing a cell which produces a TR6 polypeptide thereof 
comprising transforming or transfecting a host cell with the expression system of claim 6 
such that the host cell, under appropriate culture conditions, produces a TR6 polypeptide. 

5 10. A TR6 polypeptide comprising an amino acid sequence which is at least 

80% identical to the amino add sequence of SEQ ID NO:2 over its entire length. 

11. The polypeptide of claim 10 which comprises the amino add sequence of 
SEQIDNO:2. 



10 



12. An antibody immunospedfic for the TR6 polypeptide of claim 10. 



a 

§ 13. A method for the treatment of a subject in need of enhanced activity or 

Uj expression of TR6 polypeptide of claim 10 comprising: 

CP 15 (t) administering to the subject a therapeutically effective amount of an agonist 

CO 

£ to said receptor, and/or 

• (b) providing to the subject an isolated polynudeotide comprising a nudeotide 

W sequence that has at least 80% identity to a nudeotide sequence encoding the TR6 polypeptide 

2 of SEQ ID NO 1 over its entire length; or a nudeotide sequence complementary to said 

^ 20 nudeotide sequence in a form so as to effect production of said polypeptide activity in vivo . 

14. Amethodforthetrei^memofasubj 
expression of TR6 polypeptide of claim 10 comprising: 

(a) administering to the subject a therapeutically effective amount of an 
25 antagonist to said receptor, and/or 

(b) administering to the subject a nuddc add molecule that inhibits the 
expression of the nudeotide sequence encoding said receptor, and/or 

(c) administering to the subject a therapeutically effective amount of a 
polypeptide that competes with said receptor for its ligand. 

30 
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15. A process for diagnosing a disease or a susceptibility to a disease in a 
subject related to expression or activity of TR6 polypeptide of claim 10 in a subject 
comprising! 

(a) determining the presence or absence of a mutation in the nucleotide 
5 sequence encoding said TR6 polypeptide in the genome of said subject; and/or 

(b) analyzing for the presence or amount of the TR6 polypeptide expression in a 
sample derived from said subject 

16. A method for identifying agonists to TR6 polypeptide of claim 10 
10 comprising: 

(a) contacting a cell which produces a TR6 polypeptide with a candidate 
O compound; and 

g (b) determining whether the candidate compound effects a signal generated by 

JjJ activation of the TR6 polypeptide. 
CH 15 

£ 17. An agonist identified by the method of claim 16. 

4 

a 

If 18. The method for identifying antagonists to TR6 polypeptide of claim 10 

□ 

<0 comprising: 

lg 20 (a) contacting said a cell which produces a TR6 polypeptide with an agonist; 

- and 

(b) determining whether the signal generated by said agonist is diminished in 
the presence of a candidate compound. 

25 19. An antagonist identified by the method of claim 18. 
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ABSTRACT OF THE DISCLOSURE 

TR6 polypeptides and polynucleotides and methods for producing such 
polypeptides by recombinant techni^e, are disdosed. 

utilizing TR6 polypeptides and polynucleotides in the design of protocols for the treatment 

ofchnmcandaniteirflan^ 

bftanato*^ 

stroke ischemia, acute respiratory disease syndrome, restenosis ^ 
diseases, cancer(e.g. rymphoprofifeatrvedfc^ 
among others and diagnostic assays for'such conditions. 
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SEQUKNCT LISTING 



(1} GENERAL INFORMATION 



(1) APPLICANT: DSEN, KEITH C 



Y0CN3, PETER R 



t 

0) 
00 
Ul 
Ul 

CO 

■> 

.□ 
\n 
a 

'■u 



(ii) TITLE OP THE INVENTION: TOMDR NECROSIS FACTOR RELATED RECEPTOR, TR6 

(iii) NUMBER OP SEQUENCES: 4 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: RATHER £ PRBSTIA 

(B) STREET: P.O. BOX 980 

(C) OTT: VALLEY FORCE 

(D) STAR: PA 
<B) COOmiT: USA 
(P) ZIP: 19482 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Oiflkacc* 

(B) COMPUTER: IBM Compatible 

(C) OPERATING SYSTEM: DOS 

(D) SOFTWARE: FastSSQ for Window Version 2.0 

(Vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: TO BE ASSIGNED 

(B) FILIOT DATE: 09 -MAY- 1997 

(C) CLASSIFICATION: Unknown 

(vli) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 60/041,230 

(B) FILIMS DATE: 14 -MAR- 199 7 
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(viii) ATTORNEY/AGENT In FORMATION: 

(A) NAME: FR2STIA, PAUL P. 

(B) EBOXSTRATIOR NUMBER: 23,031 

(C) RR7BRKNCB/D0COT NUMBER: GH-50008 

(lx) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 610-407-0700 

(B) TELEFAX: 610-407-0701 

(C) TELEX: 846169 



(2) INFORMATION FOR SEQ ID NO:l: 

CO (i) «mgmwcK auuukcrsKisncs: 

(A) LENGTH: 3,881 ba*« pairs 
£1 (B) TYPE: nucleic acid 

3 (C) STRANDEDNBSS: single 

f (D) TOPOLOGY: linear 

3 (ii) MOLECULE TYPE: cDNA 

71 

•%»» -. 

£ (xi) SEQUEN CE DESCRIPTION; SEQ ID WD: 1: 

cmucaccc ACAAAATACA CCGACGATGC CCQATCTACT TTAAGGGCTG AAACCCACGG 60 

G OCI GA QAQA CXAXAAOAGC GTTCCCTOCC GCCATOOAAC AACGGGGACA OAACGCCCCO 120 

OCCOCTTCOO GGGCCCGQAA AAOGCACGGC CCAGOACCCA GGOAGGCGCG QOGA0CCAOQ 180 

CCT900CCCC GGOTCCCCAA GACCdTGTO CTCOTTCTCa CCaCOOTCCr GCIOTXGOTC 240 

TCAOCTQAGT CTGCTCTGAT CACCCAACAA QACCtAGCIC CCCAGCAOAG AQCGOCCCCA 300 

CAACAAAAQA GGTCCAGCCC CTCAOAOGSA TTOTCTCCAC CIGGACACCA TATCTCAGAA 360 

GAOGGXAOAG ATTGCATCTC CTGCAAAZAT GOACAGOACT AXAGCACICA ATGGAAT3AC 420 

CltXTlTIVI ' GCITOCGCIG CACCAOOTIGT GATTCAGGT9 AAOTGGAGCT AACTCCCIGC 480 

ACCACOACCA GAAACACAOT OTGTCAGTGC GAAGAAGGCA CCXTC0OGC2A AGAAGA3TCT 540 

CCTGAGATOT GCCOOAAOTO CCGCACAGGO TGTCCCAflAG GGA3GGTCAA GOTCGGTOAT 600 

TOTACAOCCT GOAGXGACAT CGAAT3TGTC CACAAAGAAT CAGGCATCAT GATAGGAGTC 660 

ACAGTTGCAO CCSD tfliCrr Q A1WIGGC T CT/lTMl'f QCAAOICnT ACIOTGGAAQ 720 
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j\flnmrTTir cteacctgaa agocatcigc tcaggiggiq otoogoaccc tqagcgvotq 780 

GACAOAA0CT CACAAOQACC TGGQOCIOA0 GACAATOTCC TCAAIQAGAX COTGACrXRTC 840 

TTOCAGCCCA CCCAOQTCCC TGAGCAGGAA AJOOAAOTCC AGGAGCCAGC AGAGCCAACA 900 

OCTOICAACA 1X/1W1CCCC OOOOGWTCA OAGCAICIGC TGGAACCGGC AGAAGCTGAA 960 

AOCnCICAOA GGAGGAGGCT GCTOUTICCA GCAAAJGAAO GTOATCCCAC TGAGACTCT3 1020 

AGACAOTOCr TOOAIOACIT TOCAOACTIO OTGCCCITIO ACrCCrOGGA GCOQCICAIG 1080 

AOGAAOTTGO OCCTCATGGA CAAOTAGAIA AAOOTOGCm AAOCTOAGOC AQOGGGCGAC 1140 

AQQGACACCT TGIACAGGAT OCTGAXAAAG TGGGTGAACA AAAC0GGGC3 AGATOCCTCT 1200 

crrccacaocc tgctogatoc gttgqaoaoq ctoggagaga gacttoccaa ocaoawsatt 1260 

GAGOACCACT TGTTGAGCXC TGGAAAGITC ATGTATCEAG AAGGTAATGC AGACTCTGCC 1320 

AOTTCCTAAO TETKttlTCTC TTCAOGAAGT CAGACCTTCC CTGOTTTACC nTXTTCIGO 1380 

AAAAAOCCCA ACTOGACTCC AGTCAOTAOO AAAOTGCCAC AATTOTCACA TGACCGGTAC 1440 

TQGAAGAAAC TCTCC CA ICC AACATCACCC AGTOGAIQGA AC A ICCI CTA ALUT1TUCP 1500 

GCACTTGGCA TTATnTTAX AAGCTGAA3G TGAXAAXAAG GACACEAIGG AAAIOTCTOG 1560 

09 ATCATTCaTT TTOTQCOTAC TTTGAGATTT GGXTTGGGAT CnCATTGXTT TCACAGCACT 1620 

|j TTCTCATCCT AATSTAAATG CITCAITIAX TTAnTGGGC TACATTGB^A GATCCATCIA 1680 

£1 CACAGTCGTT GTCCGACTTC ACTTGAIACT AXAIGAXATO AACCTTZTTr GGGIGGGGGG 1740 

TGCGGGGCAG TCCACTCTCT CTCCCAGGCT GGAGTGCAAT U/1UCAATCT TGGCTCACIA 1800 

TW3CCITOAC CI C T CA OqCT CAAGCGATTC TCCCACCTCA OCCATCCAAA TAGCTGGGAC 1860 



O 

00 



3 oooqxoiq caccaccaco ccoggctaat tttttotait ttqtctagat ATAOOGOCTC 1920 

2 TCXKXOTXGC TCAGGGTOGT CTCfiAAxw; TCOACTCAAO CAGTCTGCCC ACCTCAGACT 1980 

'£ CCCAAAGOQO TGGAA3TAGA GGCOTGAGCC CCCATGCTTG GCCTEACCTT TCTACTTITA 2040 

^ TAA3TCIOTA TCTCATTATT TTATGAACAT GAAGAAACTT TAGTAAATOT ACITOITCAC 2100 

ATAaiTACTr QAATAflATTA QAJAAACAIA AAAGGAGGAG ACATACAATO QQQQAAflAAO 2160 

AAGAAOTCCC CIGTAAGAJG TCACItjTCIt} GGTTCCAGCC CTCCCTCAGA TGXACXTXGG 2220 

CXTOATQAX TGOCAACTTC TACAGGGGCC AGTCTTTniA ACIGQACAA C CTTACAAflTA 2280 

TATOWTrATT AnTA3AOQT AGTTGXTXAC AXATGAGTCG GGACCAAAGA GAACTGGATC 2340 

CAOCTTOAAflT C CHnUlT/lU OCTOGTCCCr ACCTQQQCAG iCiOUTlU C ACCCAXAGCC 2400 

CCCAICZATG GACAGGCT30 GACAGAGGCA GAIT3QGTTAG ATCACACATA ACAAXAGGGT 2460 

CtAOTICAXA TCCCAAGTGA ACTTGAGCCC TGTTTGGQCT CAGGAGAXAG AAGACAAAAT 2S20 

CTOTCTCCCC AOJ1C1UCCA TOGCATCAAfl OGGGAAGAGT AGAST OGTO CT TGAGAATOGT 2S80 

OTGAAAIOTT TOCCATCTCA OGAOTAGA1G GCCCGOCTCA CirCTGOTTA TCIGTCACCC 2640 

T0AOCCCAOT AGCTGCCTTT TAGGGIACAO ATTGCCTACT TGAGGACCTT GGCOGCTCTG 2700 

TAA0OICT3 ACTCATCTCA GAAATGTCAA TTCTEAAACA CIOIGGCAAC AGGACCTAGA 2760 

AiwCiviACG CAITAAGCnT lTaTUTlUT glCLTUTlVI ' ■ Al ' IAl ' Wm 1 TAAGACCTCA 2820 
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Q (2) HTP0RMA3T0N FOR 3 KQ ID NO: 2: 



0 



OTRACCA3TT CWCCTCTIT CCAGCAAACC CTTCICCAXA GTfAXTTCAGT CA TO QAAOGA 2880 

TCWraroC AGGTW7ICAT TCCAGGAOTT ITlWlUll TCXOTCTCAA GGCACTOTOT 2940 

c/nrivnir ocwactgott toggigggac aaao™oaa tpoccioaao atcacacatt 3000 

CAOftcrorro totcigtoga uti ' ita ogao tgoggggioa ccmcrooT cittocacit 30«o 

CCAICCICTC CCACITCCAT CIGGCA3CCC CACGCGTTGT OCCCTGCACT TCITX3AAGGC 3120 

Ataoonocr ociacrrccr Gcncrnocc Trrocroaoc cttctgtgca ggacgcxcao 3iso 

CCTCAOGC3CT CAGAAfWIGC CfttflCOQgl C CCAGGXCCCT TOICCCTTCC ACAOAOGCCr 3240 

TCCrAOAAOA TGCATCTAflA GXGTCAGCCT TAICAfflOTT TAAGAITTXT CimftTITT 3300 

TR AlTX'l'l'l 1 QAGACAGAAT CICACTCTCT CGCCCAGGCT GGAOTGCAAC GOTAGGATCT 3360 

* ' lux ri u un q caacctccgc cuxx ' itwrr caagcoatic tcgtocctca gcctccggao 3420 

TMCT3GGAX TGCAGGCACC O0CCACGAC3 CCIGGCTAAT TTTTSTA3TT TTACPIAGAGA 3480 

ouuuuxtuja ocATcnrocrr cagociogic tcqaactcct gaccicaggt gatccacrit 3540 

^ GGCCTCCGAA AGT3CTGGGA TAIACAAOGC GTGAOCCACC AGCCAGGCCA AQAXATTtflT 3600 

□ 

JjJ KTAAAORKAG CTTCCOGANO ACATGAAAXA ANGGGGGGTT TTOTTSCTTA CTTAACATTRO 3660 

3} OCnTOAIAT ATCCCC A CQC CAAAIWGCAH GK3ACACA0G ACAOCCAXAG TATW3TGTOT 3720 

ij CACTCtTXOTT TGGIOTCCTT TCATGGTICT GOCCTGTCAA AGGTCCCXAT TTGAAATGTG 3780 



01 TTAIAAIACA AACAA0OAAO CACACTGIGT ACAAAATACT TATGTATTDl TOAATCCATO 3840 



ACCAAATTAA AZATGAAACC 7TAXA1MAA AAAAAAAAAA A 3881 



(1) S8QQSKCB aORACmiSTICS: 

(A) L2HGTH: 411 amino acids 

(B) TTFI: amino acid 

(O STRANDRDNHSS: aingla 
(D) TOPOLOGY: linear 
(ii) MDLBCULH TYPE: protain 

(xi) SSQUSNCB DESCRIPTION: S8Q ZD NO: 2: 



Mat Olu Gin Arg Gly Gin Aan Ala Pro Ala Ala Sar Gly Ala. Arg Lya 
1 5 10 15 

Arg His Gly Pro Gly Pro Arg Glu Ala Arg Gly Ala Arg Pro Gly Pro 
20 25 30 
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Arg VaX Pro Lya Thr Leu val Leu Val Val Ala Ala val Leu Lau Leu 

35 40 45 

Val Sar Ala Glu Sar Ala Lau Zla Thr Oln Ola Asp Lau Ala Pro Ola 

50 55 €0 

Ola Arg Ala Ala Pro Ola Ola Lys Arg Sar Sar Pro Sar Olu Oly Lau 
€5 70 75 80 

Cys Pro Pro Oly His Hia Zla Sar Olu Aap Oly Arg Aap Cya Zla 8ar 

S5 90 95 

Cya Lya Tyr Oly Ola Aap Tyr sar Thr Ola Trp Aaa Aap Lau Lau Pha 

100 105 110 

Cya Lau Arg Cya Thr Arg Cya Aap Sar Oly Olu Val Olu Lau Sar Pro 

115 1?0 125 

Cya Thr Thr Tar Arg Aaa Thr Val Cya Ola Cya Olu Olu Oly Thr Pha 

130 135 140 

Arg Olu Olu Aap Sar Pro Olu Mat Cya Arg Lya Cya Arg Thr Oly Cya 
145 150 155 1*0 

Pro Arg Oly Mat Val Lys Val Oly Aap Cya Thr Pro Trp Sar Aap Zla 

165 170 175 

Olu Cys Val His Lya Olu Sar Gly Zla Zla Xla Oly Val Thr Val Ala 

100 185 190 

Ala Val Val Lau Zla Val Ala Val Pha val Cya Lye Sar Leu Lau Trp 

195 200 205 

Lya Lya Val Lau Pro Tyr Lau Lys Oly Zla Cya Sar Gly Oly Gly Oly 

210 215 220 

Aap Pro Olu Arg Val Aap Arg Sar Sar Ola Arg Pro Oly Ala Olu Aap 
225 230 235 240 

Aaa Val Lau Aaa Olu Zla Val Sar Zla Lou Ola Pro Thr Ola Val Pro 

245 250 255 

Olu Ola Olu Mat Glu Val Ola Glu Pro Ala Glu Pro Thr Gly Val Aaa 

2C0 265 270 

Met Leu Sar Pro Oly Olu Sar Olu His Leu Lau Olu Pro Ala Olu Ala 

275 280 285 

Olu Arg Sar Ola Arg Arg Arg Lau Lau Val Pro Ala Asa Olu Oly Asp 

290 295 300 

Pro Thr Olu Thr Lau Arg Gin Cys Pha Asp Asp Pha Ala Asp Lau Val 
305 310 315 320 

Pro Pha Asp Sar Trp Glu Pro Lau Mat Arg Lya Leu Oly Lau Mat Asp 

325 330 335 

Asa Olu Zla Lya Val Ala Lys Ala Glu Ala Ala Oly His Arg Aap Thr 

340 345 350 

Lau Tyr Thr Met Leu Zla Lys Trp Val Asa Lys Thr Oly Arg Aap Ala 

355 360 365 

Sar Val Hia Thr Leu Leu Aap Ala Lau Olu Thr Leu Oly Olu Arg Leu 

370 375 380 

Ala Lya Ola Lya Zla Glu Asp His Lau Lau Sar Sar Oly Lya Pha Met 
385 390 395 400 

Tyr Leu Olu Oly Aaa Ala Aap Sar Ala Met Sar tad 
405 410 411 
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(2) INFORMATION TOR SBQ ZD NO: 3: 

(i) S8Q0BKCS CHARACTERISTICS: 

(A) LSSGTH: 1062 basa pairs 

(B) TYFB: nucleic acid 

(C) snuSDBDRBSS: single 

(D) TOPOLOGY: linear 

(ii) MOLSCOLI TTPS: CDHA 

(xi) SSQOSRCS DESCRIPTION: SBQ ID SO: 3: 

atgacctcct wrcrocno cgctgcacca ootgtqaotc aootoaacto J« 

SScACcS OACCAflAAAC ACAflTGTQTC JMBqCBUa-MMMm OGOAAOAW 120 
SSS GATGTGCCGG AAflTOCCGCA CAGOOTOTCC CAGAOOGW 

OTOWTOTAC ACCCIGOAOT GACATCGAAT OTCTCCACAA AflAATC AOOC 240 

QAOTCACAGT TGCAGCCOTA OTCCTOAOTQ TQGCTGTGCT ^tT^^f^'^'^'. «n 

*J : ^mwvim rnw?*/5rt*r*»a *mTrTTCAAT OAOATCGTGA 420 



ffl GTQTGOACA0 AJU3CTCACAA OGACCTGG06 CTGA06ACRA TOXCCTCRAT JJ*?*J?|???£ , fla 

£ crarcirac* gccgaccous aicccrwoc moaamgoa jwrcaaaw ccaocaoaoc «eo 

S CMQUOQTBT CAACKT0TT9 TCCCCCOOOO AOTCRflAOCA TCTOCTQOAA ^??^5f|??i? 

S crowuuwrc TCAOwaaaa aqoctocwq ttcoqcaaa toaaqop»t cracTOAoa <oo 

* CTCITOMCA GTOCTTCQAT OACTTTGCAQ ACrKXJTOCC CITTtWCICC TOGOaflCCOC ««0 

03 0CCACWW« CACentTEAC ACGAISCTO* TAAAaTSaOT CAACRAAACC aOOCGWJAlO 780 



* CCTCIOTCCA CACCCTOCTO GATGCCTTQG AOACOCIOGO AOAGAaACIT GCCAAOCAOA 840 

* AflMtCMQA CCACTTGTTO A0CTCTOQAA JUSnOOTTA TCTAflAAflOT AAXQ CAQACT 900 
3 CTOCOOTTC CTAAOTGTQA TTCrCITCAO GAAOTCAOAC CTTCCCTOOT TtACCmTT 9«0 
^ TCTOOAAAAA (TCXAACTGG ACTCCAGTCA OTAGOAAAflT GCCACAATTO TCACATOACC 1020 
O G07ACT0GAA OAAACTCTCC CATCOttCAT CACCCAOTGO AT 

•0 (2) INFORMATION FOR SBQ ID NO:4: 



(i) SBQOBNCB CHARACTERISTICS: 

(A) LENGTH: 303 amino acids 

(B) TYPB: amino acid 

(C) STRANDEDNB3S: single 

(D) TOPOLOGY: linear 

(ii) MQLBCOLB TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SBQ ID NO: 4: 

Asp Lau Leu Pha Cys Leu Arg Cys Thr Arg Cys Asp Ser Oly Olu Val 

15 10 13 

Olu Lau Sar Pro Cys Thr Thr Thr Arg Asn Thr val Cys Oln Cys Olu 

20 25 30 

Olu Oly Ihr Phe Arg Olu Olu Asp Sar Pro Olu Mat Cya Arg Lys Cys 
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CD 

CO 
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■P 

◦ 

□ 

<fi 



35 40 45 

Arg Thr Qly Cys Pro Arg Oly Met Val Lys Val Gly Asp Cys Thr Pro 

50 55 60 

Trp Ser Asp lis Olu Cys Val His Lys Glu Ser Oly lis lis Xla Gly 
€5 70 75 80 

Val Thr val Ala Ala val Val Leu lis Val Ala Val Phe Val Cys Lys 

85 90 95 

Ser Leu Leu Trp Lys Lys Val Leu Pro Tyr Leu Lys Gly Zle Cys Ser 

100 105 110 

Gly Oly Oly Gly Asp Pro Olu Arg Val Asp Arg Ser Ser Gla Arg Pro 

115 120 125 

Gly Ala Olu Asp Asn Val Leu Asa Olu Zle Val Ser Zle Leu Gla Pro 

130 135 140 

Thr Gla Val Pro Glu Ola Glu Met Olu Val Ola Glu Pro Ala Glu Pro 
145 150 155 180 

Thr Gly val Asa Met Leu Ser Pro Oly Glu Ser Glu His Leu Leu Glu 

185 170 175 

Pro Ala Olu Ala Olu Arg Ser Ola Arg Arg Arg Leu Leu Val Pro Ala 

180 185 190 

Asa Glu Gly Asp Pro Thr Glu Thr Leu Arg Gla Cys Phe Asp Asp Phe 

195 300 205 

Ala Asp Leu val Pro Phe Asp Ser Trp Olu Pro Leu Mat Arg Lys Leu 

210 215 220 

Gly Leu Met Asp Asn Glu Zle Lys Val Ala Lys Ala Glu Ala Ala Gly 
225 230 235 240 

His Arg Asp Thr Leu Tyr Thr Met Leu Zle Lys Trp Val Asa Lys Thr 

245 2S0 255 

Gly Arg Asp Ala Ser Val His Thr Leu Leu Asp Ala Leu Glu Thr Leu 

380 385 370 

Oly Glu Arg Leu Ala Lys Ola Lys Zle Olu Asp His Leu Leu Ser Ser 

375 380 385 

Oly Lys Phe Met Tyr Leu Olu Gly Asa Ala Asp Ser Ala Met Ser 
390 395 300 
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Tumor Necrosis Related Receptor, TR6 

60/041230 

FIELD OF INVENTION 

This invention relates to newly identified polynucleotides, polypeptides encoded by 
them and to the use of such polynucleotides and polypeptides, and to their production. More 
particularly, the polynucleotides and polypeptides of the present invention relate to Tumor 
necrosis factor receptor (TNF-R) family, hereinafter referred to as TR6. The invention also 
relates to inhibiting or activating the action of such polynucleotides and polypeptides. 



BACKGROUND OF THE INVENTION 

Many biological actions, for instance, response to certain stimuli and natural 

biological processes, are controlled by factors, such as cytokines. Many cytokines act 
g through receptors by engaging the receptor and producing an intracellular response. 

3 15 

£ For example, tumor necrosis factors (TNF) alpha and beta are cytokines which act 

W through TNF receptors to regulate numerous biological processes, including protection 

□ against infection and induction of shock and iruTamrnatory disease. The TNF molecules 

* 3 belong to the TNF-ligand" superfamily. and act together with their receptors or counter- 

id 20 ligands, the TW-receptor" superfamily. So far, nine members of the TNF ligand 
£ superfamily have been identified and ten members of the TNF-receptor superfamily have been 

0 characterized. 



Among the ligands there are included TNF-a, lymphotoxin-a (LT-a, also known as 
25 TNF-b), LT-b (found in complex heterotrimer LT-a2-b). FasL, CD40L. CD27L, CD30L, 4- 
IBBL, OX40L and nerve growth factor (NGF)). The superfamily of TNF receptors includes 
the p55TNF receptor, p75TNF receptor. TNF receptor-related protein, FAS antigen or APO- 
1, CD40, CD27, CD30. 4-1BB. OX40. low affinity p75 and NGF-receptor (Meager, A., 
Biological* 22:291-295 (1994)). 



Many members of the TNF-ligand superfamily are expressed by activated T-cells. 
implying that they are necessary for T<ell interactions with other cell types which underlie 
cell ontogeny and functions. (Meager. A., supra). 
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Considerable insight into the essential functions of several members of the TNF 
receptor family has been gained from the identification and creation of mutants that abolish 
the expression of these proteins. For example, naturally occurring mutations in the FAS 
antigen and its ligand cause lymphoproliferative disease (Watanabe-Fukunaga. R.. et aL, 
Nature 356:314 (1992)). perhaps reflecting a failure of programmed cell death. Mutations of 
the CD40 ligand cause an X-Iinked immunodeficiency state characterized by high levels of 
immunoglubulin M and low levels of immunoglobulin G in plasma, indicating faulty T-cell* 
dependent B-cell activation (Allen, R.C et aL, -Science 259:990 (1993)). Targeted mutations 
of the low affinity nerve growth factor receptor cause a disorder characterized by faulty 
sensory innovation of peripheral structures (Lee, K.F. et aL Cell 69:737 (1992)). 

TNF and LT-a are capable of binding to two TNF receptors (the 55* and 75-kd 
TNF receptors). A large number of biological effects elicited by TNF and LT-a, acting 
through their receptors, include hemorrhagic necrosis of transplanted tumors, cytotoxicity, a 
role in endotoxic shock, inflammation, immunoregulation, proliferation and anti-viral 
responses, as well as protection against the deleterious effects of ionizing radiation. TNF and 
LT-a are involved in the pathogenesis of a wide range of diseases, including endotoxic shock, 
cerebral malaria, tumors, autoimmuine disease, AIDS and graft-host rejection (Beutler, B. 
and Von Huffel. C, Science 264:667-668 (1994)). Mutations in the p55 Receptor cause 
increased susceptibility to microbial infection. 

Moreover, an about 80 amino acid domain near the C-terminus of TNFR1 (P55) 
and Fas was reported as the "death domain." which is responsible for transducing signals for 
rjrogrammed ceil death (Tartaglia et aL, Cell 74:845 (1993)). 

The effects of TNF family ligands and TNF family receptors are varied and 
influence numerous functions, both normal and abnormal, in the biological processes of the 
niammaiian system. There is a clear need, therefore, for identification and characterization of 
such receptors and ligands that influence biological activity, both normally and in disease 
states. In particular, there is a need to isolate and characterize novel members of the TNF 
receptor family. 
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This indicates that these Tumor necrosis factor receptors (TNF-R) have an established, 
proven history as therapeutic targets. Clearly Acre is a need for idenuficarion and characterization 
of further members of Tumor necrosis factor receptor (TNF-R) family which can play a role in 
preventing, ameliorating or correcting dysfunctions or diseases, including, but not limited to. 
5 chrmuc art acute inflamrratio^ 

bowel disease, psoriasis), transplant rejection, graft vs. host disease, infection, stroke, ischemia, 
acute respiratory disease syndrome, restenosis, brain injury. AIDS. Bone diseases, cancer (eg 
lymphoproUferative disorders), atheroschlerosis, and Alzheimers disease. 

10 SUMMARY OF THE INVENTION 

In one aspect, the invention relates to TR6 polypeptides and recombinant materials and 
mahods for their production. Another aspect of the invention relates to methods for using such 
TR6 polypeptides and polynucleotides. Such uses include the treatment of chronic and acute 
EJ inflammatioa arthritis, septicemia, autoimmune diseases (eg inflammatory bowel disease. 

3 15 psoriasis), transplant rejection, graft vs. host disease, infection, stroke, ischemia, acute respiratory 
£ disease syndrome, restenos*. brain vnjury. AIDS. Bone diseases, cancer (eg rytrphcpToliferative 

? J disorders), atheroschlerosis. and Alzheimers disease, among others. In still another aspect, the 

S invention relates to methods to identify agonists and antagonists using the materials provided 

U by the invention, and treating conditions associated with TR6 imbalance with the identified 

1i 20 compounds. Yet another aspect of the invention relates to diagnostic assays for detecting diseases 
Z associated with inappropriate TR6 activity or levels. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Ftgure 1 shows the nucleotide and deduced amino acid sequence of the partial 
25 sequence of human TR6. SEQ ID NOS: 1 and 2. 

DESCRIPTION OF THE INVENTION 
Definitions 

The following definitions are provided to facilitate understanding of certain terms 
30 used frequently herein. 

TR6" refers generally to a polypeptide having the amino acid sequence set forth in 
SEQ ID NO:2 or an allelic variant thereof. 
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TR6 activity or TR6 polypeptide activity" or "biological activity of the TR6 or TR6 
polypeptide" refers to the metabolic or physiologic function of said TR6 including similar 
activities or improved activities or these activities with decreased undesirable side-effects. 
Also included are antigenic and immunogenic activities of said TR6. 
5 TR6 polypeptides" refers to polypeptides with amino acid sequences sufficiently 

similar to TR6 sequences, preferably exhibiting at least one biological activity of the TR6. 

TR6 gene" refers to a polynucleotide having the nucleotide sequence set forth in 
SEQ ID NO: 1 or allelic variants thereof and/or their complements. 

TR6 polynucleotides" refers to polynucleotides containing a nucleotide sequence 

10 which encodes a TR6 polypeptide or fragment thereof, or a nucleotide sequence which has at 
least 58% identity to a nucleotide sequence encoding the polypeptide of SEQ ID NO:2 or the 
corresponding fragment thereof, or a nucleotide sequence which has sufficient identity to a 
nucleotide sequence contained in SEQ ID NO:l to hybridize under conditions useable for 
amplification or for use as a probe or marker. 

1 5 "Antibodies" as used herein includes polyclonal and monoclonal antibodies, chimeric, 

single chain, and humanized antibodies, as well as Fab fragments, including the products of 
an Fab or other immunoglobulin expression library, 

"Isolated" means altered "by the hand of man" from the natural state. If an 
"isolated" composition or substance occurs in nature, it has been changed or removed from its 

20 original environment, or both. For example, a polynucleotide or a polypeptide naturally 
present in a living animal is not "isolated," but the same polynucleotide or polypeptide 
separated from the coexisting materials of its natural state is "isolated", as the term is 
employed herein. 

"Polynucleotide" generally refers to any polyribonucleotide or 

25 polydeoxribonucleotide, which may be unmodified RNA or DNA or modified RNA or DNA. 
"Polynucleotides" include, without limitation single- and double-stranded DNA, DNA that is 
a mixture of single- and double-stranded regions, single- and double-stranded RNA, and 
RNA that is mixture of single- and double-stranded regions, hybrid molecules comprising 
DNA and RNA that may be single-stranded or, more typically, double-stranded or a mixture 

30 of single- and double-stranded regions. In addition, "polynucleotide" refers to triple-stranded 
regions comprising RNA or DNA or both RNA and DNA. The term polynucleotide also 
includes DNAs or RNAs containing one or more modified bases and DNAs or RN As with 
backbones modified for stability or for other reasons. "Modified" bases include, for example, 
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trityiated bases and unusual bases such as inosine. A variety of modifications has been made 
to DNA and RNA; thus, "polynucleotide" embraces chemically, enzymaticaily or 
metabolically modified forms of polynucleotides as typically found in nature, as well as the 
chemical forms of DNA and RNA characteristic of viruses and cells. 'Polynucleotide" also 
5 embraces relatively short polynucleotides, often referred to as oligonucleotides, 

"Polypeptide" refers to any peptide or protein comprising two or more amino acids 
joined to each other by peptide bonds or modified peptide bonds, i.e., peptide isosteres. 
"Polypeptide" refers to both short chains, commonly referred to as peptides, oligopeptides or 
oligomers, and to longer chains, generally referred to as proteins. Polypeptides may contain 
10 amino acids other than the 20 gene-encoded amino acids. "Polypeptides" include amino acid 
sequences modified either by natural processes, such as posttranslational processing, or by 
chemical modification techniques which are well known in the art Such modifications are 
weU described in basic texts and in more detailed monographs, as well as in a voluminous 

2 research Uterature. Modifications can occur anywhere in a polypeptide, including the peptide 

3 1 5 backbone, the amino acid side-chains and the amino or carboxyl terrnini. It will be 
appreciated that the same type of modification may be present in the same or varying degrees 

f J at several sites in a given polypeptide. Also, a given polypeptide may contain many types of 

G modifications. Polypeptides may be branched as a result of ubiquitination, and they may be 

L cyclic, with or without branching. Cyclic, branched and branched cyclic polypeptides may 

7 20 result from posttranslaiion natural processes or may be made by synthetic methods. 
« Modifications include acetylauon, acylation. ADP-ribosylation, amidation, covalent 

C attachment of flavin, covalent attachment of a heme moiety, covalent attachment of a 

N nucleotide or nucleotide derivative, covalent attachment of a lipid or lipid derivative, covalent 

attachment of phosphotidy I inositol, cross-linking, cyclization, disulfide bond formation, 
25 demethylation, formation of covalent cross-links, formation of cystine, formauon of 

pyrogiutamate, formylation, gamma-carboxylation, giycosylation, GPI anchor formauon, 
hydroxylation, iodination, meihylation, myristoylation, oxidation, proteolytic processing, 
phosphorylation, prenylation, racemization, selenoylation, sulfation, transfer-RNA mediated 
addition of amino acids to proteins such as arginylation, and ubiquitination. See, for 
30 instance, PROTEINS • STRUCTURE AND MOLECULAR PROPERTIES, 2nd Ed.. T. E. 
Creighton, W. H. Freeman and Company, New York, 1993 and Wold, F., Posttranslational 
Protein Modifications: Perspectives and Prospects, pgs. 1-12 in POSTTRANSLATIONAL 
COVALENT MODIFICATION OF PROTEINS, B. C. Johnson. Ed., Academic Press, 
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New York, 1983; Seifter et ai t "Analysis for protein modifications and nonprotein 
cefaclors", Meth Enzymol (1990) 182:626-646 and Rattan et aL t "Protein Synthesis: 
Posttranslational Modifications and Aging". Ann NY Acad Sci (1992) 663:48-62, 

"Variant" as the term is used herein, is a polynucleotide or polypeptide that differs 
5 from a reference polynucleotide or polypeptide respectively, but retains essential properties. 
A typical variant of a polynucleotide differs in nucleotide sequence from another, reference 
polynucleotide. Changes in the nucleotide sequence of the variant may or may not alter the 
amino acid sequence of a polypeptide encoded by the reference polynucleotide. Nucleotide 
changes may result in amino acid substitutions, additions, deletions, fusions and truncations 
10 in the polypeptide encoded by the reference sequence, as discussed below. A typical variant 
of a polypeptide differs in amino acid sequence from another, reference polypeptide. 
Generally, differences are limited so that the sequences of the reference polypeptide and the 
variant are closely similar overall and, in many regions, identical. A variant and reference 
polypeptide may differ in amino acid sequence by one or more substitutions, additions, 
3 1 5 deletions in any combination. A substituted or inserted amino acid residue may or may not be 

2 one encoded by the genetic code. A variant of a polynucleotide or polypeptide may be a 

^ naturally occurring such as an allelic variant, or it may be a variant that is not known to 

Ui 

3 occur naturally. Non-naturally occurring variants of polynucleotides and polypeptides may 
be made by mutagenesis techniques or by direct synthesis. 

20 "Identity" is a measure of the identity of nucleotide sequences or amino acid 

£ sequences. In general, the sequences are aligned so that the highest order match is obtained. 

C "Identity" per se has an art-recognized meaning and can be calculated using published 

* techniques. See, e.g.: (COMPUTATIONAL MOLECULAR BIOLOGY. Lesk, A.M., ed., 

Oxford University Press, New York, 1988; BIOCOMPUTING: INFORMATICS AND 
25 GENOME PROJECTS, Smith, D.W., ed.. Academic Press, New York, 1993; COMPUTER 
ANALYSIS OF SEQUENCE DATA, PART I. Griffin. A.M.. and Griffin. H.G.. eds.. 
Humana Press. New Jersey, 1994; SEQUENCE ANALYSIS IN MOLECULAR BIOLOGY, 
von Heinje, G., Academic Press, 1987; and SEQUENCE ANALYSIS PRIMER, Gribskov, 
M. and Devereux, J., eds., M Stockton Press, New York, 1991). While there exist a number 
30 of methods to measure identity between two polynucleotide or polypeptide sequences, the 

term "identity" is well known to skilled artisans (Carillo, H., and Lipton, D., SI AM J Applied 
Math (1988) 48:1073). Methods commonly employed to determine identity or similarity 
between two sequences include, but are not limited to, those disclosed in Guide to Huge 
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Computers. Martin J. Bishop, ed M Academic Press, San Diego, 1994, and Carillo, H., and 
Upton, D., SIAM J Applied Math (1988) 48: 1073. Methods to determine identity and 
similarity are codified in computer programs. Preferred computer program methods to 
determine identity and similarity between two sequences include, but are not limited to, GCS 
5 program package (Devereux, J., et a/., Nucleic Acids Research (1984) 12(1):387), BLASTP. 
BLASTN, FASTA (Atschul. S.F. et al, J Molec Biol (1990) 215:403). 

Polypeptides of the Invention 

The TR6 polypeptides of the present invention include the polypeptide of SEQ ID 
10 NO:2 (in particular the mature polypeptide) as well as TR6 polypeptides and which have at 
least 80% identity to the polypeptide of SEQ ID NO:2 or the relevant portion and more 
preferably at least 85% identity, and still more preferably at {east 90% identity, and even still 
more preferably at least 95% identity to SEQ ID NO: 2. 
g The TR6 polypeptides may be in the form of the "mature" protein or may be a part of 

£j 15 a larger protein such as a fusion protein. It is often advantageous to include an additional 

amino acid sequence which contains secretory or leader sequences, pro-sequences, sequences 
UJ w hich aid in purification such as multiple histidine residues, or an additional sequence for 

D stability during recombinant production. 

Biologically active fragments of the TR6 polypeptides are also included in the 
'Ji 20 invention. A fragment is a polypeptide having an amino acid sequence that entirely is the same as 

part but not all, of the amino acid sequence of the aforementioned TR6 polypeptides. As with 
'£ TR6 polypeptides, fragments may be "free-standing," or comprised within a larger polypeptide of 

which they form a pan or region, most preferably as a single continuous region. Representative 
examples of polypeptide fragments of the invention, include, for example, fragments from about 
25 anino acid number 1-20. 21-40.41-60, 61-80. 81-100, and 101 to the end of TR6 polypeptide. 
In this context "about" includes the particularly recited ranges larger or smaller by several 5, 4, 3, 
2 or 1 ammo acid at either extreme or at both extrerres. 

Preferred fragments include, for example, truncation polypeptides having the amino acid 
vxFtnyc of TR6 polypeptides, except for deletion of a continuous series of residues that includes 
30 the amino terminus, or a continuous series of residues that includes the carboxyl terminus or 

deletion of two continuous series of residues, one including the amino terminus and one including 
the carboxyl terminus. Also preferred are fragments characterized by structural or functional 
attributes such as fragments that comprise alpha-helix and alpha-helix forming regions, beta-sheet 
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and rjeta-sheet-forming regions, turn and turn- forming regions, coil and coil-forming regions, 
hydrophilic regions, hydrophobic regions, alpha ainphipathic regions, beta amphipathic regions, 
flexible regions, surface-forming regions, substrate binding region, and high antigenic index 
regions. Biologically active fragments are those that mediate TR6 activity, including those with a 
similar activity or an improved activity, or with a decreased undesirable activity. Also included are 
those that are antigenic or immunogenic in an animal, especially in a human. 

Thus, the polypeptides of the invention include polypeptides having an amino acid 
sequence at least 80% identical to that of SEQ ID NO:2 or fragments thereof with at least 80% 
identity to tte conespondtog fragment of SEQ ID NO*J. Preferably, all of these polypeptides 
retain the biological activity of the TR6, including antigenic activity. Included in this group ore 
variants of the defined sequence and fragments. Preferred variants are those that vary from the 
referents by conservative amino acid substitutions - i.e., those that substitute a residue with 
another of like characteristics. Typical such substitutions are among Ala, Vai, Leu and He; among 
Ser and Thr; among the acidic residues Asp and Glu: among Asn and Gin; and among the basic 
residues Lys and Arg; or aromatic residues Phe and Tyr. Particularly preferred are variants in 
which several, 5-10, 1-5, or 1-2 amino acids are substituted, deleted, or added in any combination. 

The TR6 polypeptides of the invention can be prepared in any suitable manner. Such 
polypeptides include isolated naturally occurring polypeptides, recombinantly produced 
polypeptides, synthetically produced polypeptides, or polypeptides produced by a combination of 
these methods. Means for preparing such polypeptides are well understood in the art 

Polynucleotides of the Invention 

Another aspect of the invention relates to isolated polynucleotides which encode the TR6 
polypeptides and polynucleotides closely related thereto. 

TR6 of the invention is structurally related to other proteins of the Tumor necrosis factor 
receptor (TNF-R), as shown by the results of sequencing the cDNA encoding human TR6. The 
cDNA sequence contains an open reading frame encoding a protein of 307 amino acids with a 
deduced molecular weight of 33.9 kDa. TR6 of Figure I (SEQ ID NO:2) has about 25.0 % 
identity (using BESTFTT (from GCG suite of Programs)) in 307 amino acid residues with rnurine 
tumor necrosis factor receptor 2 (TNF-R2) (M. Lewis et al. Proa Natl. Acad. Sci. USA. 88, 
2830-2834, (1991); R.G. Goodwin et al, Mol. Cell. Biol. 1 1, 3020-3026, (1991)). 
Furthermore, TR6 (SEQ ID NO:2) is 25.6 % identical to human tumor necrosis factor 
receptor 1 (TNF-Ri) (P. Fuchs et al., Genomics 13 (I), 219-224 (1992), over 307 amino 
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acids and 21.3% identical to human TNF-R2 over 307 amino acid residues (C.A. Smith et al.. 
Science 248:1019-1023(1990)). TR6 contains a death domain (amino acids 220 to 277 in SEQ 
ID NO:2) which is 35.7% identical to the death domain of the human Death receptor 3 (DR3) 
(All Chinnaiyan. et al. Science 274 (5289). 99*992 (1996)). 32.7% identical to the death 
domain of human TNFR-1. and 19.6% identical to the death domain of CD95 (Fas) (L 
Cascino. J. Immunol. 154 (6). 2706-2713 (1995)). Based on homology with other members 
of the TNF recep«,r family, the predicted length of the full length TR6 is approximately 410 
amino acids with a predicted molecular weight of 45 kDA. 

One polynucleotide of the present invention encoding TR6 may be obtained using 
standard cloning and screening, from a cDNA library derived from tnRNA in cells of human 
thymus stromal cells, monocytes, peripheral bleed lymphocytes, and bone marrow cells using the 
expressed sequence tag (EST) analysis (Adams. M.D.. et cL Science (1991) 252:1651-1656; 
Adams. M.D. « ci. Nature. (1992) 555:632-634; Adams. M.D.. etaL. Nature (1995) 377 
Supp:3-174). Polynucleotides of the invention can also be obtained from natural sources 
such as genomic DNA libraries or can be synthesiied using well known and commercially 

available techniques. 

Thus, the nucleotide sequence encoding TR6 polypeptides may be identical over its 
entire length to the coding sequence in F.gure 1 (SEQ ID NO: 1). or may be a degenerate form 
of this nucleotide sequence encoding the polypeptide of SEQ ID NO:2. or may be highly 
7j 20 identical to a nucleotide sequence that encodes the polypeptide of SEQ ID NO:2. Preferably, 
t the polynucleotides of the invention contain a nucleotide sequence that is highly identical, at 

£ least 80% identical, with a nucleotide sequence encoding a TR6 polypeptide, or at least 80% 

* identical with the encoding nucleotide sequence set forth in Figure 1 (SEQ ID NO: I ). or at 

least 80% identical to a nucleotide sequence encoding the polypeptide of SEQ ID NO:2. 
25 When the polynucleotides of the invention are used for the recombinant production of 

TR6 polypeptide, the polynucleotide may include the coding sequence for the mature 
poryperjticfe or a rragmew tr^f. by itself; 

fragment in reading fram: with other coding sequences, such as those encoding a leader or 
secretory sequence a pre-, or pro- or prepro- protein sequence or other fusion peptide portions. 
30 For example, a marker sequence which facilitates purification of the fused polypeptide can be 

encoded to certain preferred errtxxlirnents of this aspect of the invention, the marker sequence is a 
hexa-histidine peptide, as provided in the pQE vector (Qiagea Ire.) arrfcisairjed in Ger««ai. 
Proc Hal AcadSci USA (1989) 86:821-824, or is an HA tag. The polynucleotide may also 
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contain ncnaxtog 5" and 3" sequences, such as transcribed, notHranslated sequences, spuang 
and polyadenylation signals, ribosome binding sites and sequences that stabilize mRNA. 

Among particularly preferred embodiments of the invention are polynucleotides encoding 
TR6 polypeptides having the amino acid sequence of set out in Figure 1 (SEQ ID NO:2) and 
variants thereof. 

Further preferred embodiments are polynucleotides encoding TR6 variants that have the 
arm*, arid sequence of theTR6pol^^ 

1-5. 1-3. 1-2 or ! amino acid residues are substituted, deleted or added, in any combination. 

Further preferred errixxfrrems <rf the invention are polyrmcleotides that are at least 80% 
identical over their entire length to a polynucleotide encoding the TR6 polypeptide having the 
aminoacid sequence set out in Figure 1 (SEQ ID NO:2), and polynucleotides which are 
complementary to such polynucleotides. In this regard, polynucleotides at least 80% identical over 
thcir entire length .o .he sun* arc particularly preferred, and .hose with a. least 90% are especially 
preferred. Furthermore, those wnh at least 97% are highly preferred and those with at least 98- 
99% are most highly preferred, with at least 99% being the most preferred. 

The present invention further relates to polynucleotides that hybridize to the herein above- 
described sequences. In this regard the present invention especially relates to polynucleotides 
which hybridize under stringent conditions to the herein above-described polynucleotides. As 
herein used, the term "stringent conditions" means hybridization will occur only if there is at least 
95% and preferably at least 97% identity between the sequences. 

Polynucleotides of the invention, which are sufficiently identical to a nucleotide sequence 
contained in SEQ ID NO:l. may be used as hybridization probes for cDNA and genomic DNA. to 
isolate full-length cDNAs and genomic clones encoding TR6 polypeptide and to isolate cDNA and 
genomic clones of other genes that have a high sequence similarity to the TR6 gene. Such 
hybridizMontechruquesrc Typically these nucleotide 

sequences are 70% identical, preferably 80% identical, more preferably 90% identical to that of the 
referent. The probes generally will comprise at least 15 nucleotides. Preferably, such probes will 
have at least 30 nucleotides and may have at least 50 nucleotides. Particularly preferred probes 
will range between 30 and SO nucleotides. 

The rxjlynucleotkles and polypeptides of the present invention may be employed as 
research reagents and materials for discovery of treatments and diagnostics to animal and human 
disease. 
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Vectors, Host Cells, Expression 

The present invention also relates to vectors which comprise a polynucleotide or 

polynucleotides of the present invention, and host cells which are genetically engineered with 

vectors of the invention and to the production of polypeptides of the invention by recombinant 

5 techniques. Cell-foe translation systems can also be employed to produce such proteins using 

RN As derived from the DN A constructs of the present invention. 

For recombinant production, host cells can be genetically engineered to incorporate 

expression systems or portions thereof for polynucleotides of the present invention. Introduction of 

polynucleotides into host cells can be effected by methods described in many standard laboratory 

10 manuals, such as Davis etaL. BASIC METHODS IN MOLECULAR BIOLOGY (1986) and 

Sambrook et aL, MOLECULAR CLONING: A LABORATORY MANUAL 2nd Ed, Cold Spring 

Harbor Laboratory Press, Cold Spring Harbor. N.Y. (1989) such as calcium phosphate 

transfection, DEAE-dextran mediated transfection, trans vection, microinjection, cationic lipid- 

^ mediated transfection, electroporauon, transduction, scrape leading, ballistic introduction or 

□ 

□ 15 infection. 

J Representative examples of appropriate hosts include bacterial cells, such as streptococci, 

'J staphylococci, £ coli. Streptomyces and Bacillus subtilis cells; fungal cells, such as yeast cells 

and Aspergillus cells; insect cells such as Drosophila S2 and Spodoptera Sf9 ceils; animal cells 
such as CHO, COS, HeLa, C127, 3T3, BHK. 293 and Bowes melanoma cells; and plant cells. 
20 A great variety of expression systems can be used Such systems include, among others, 

chromosomal, episomal and virus-derived systems, eg., vectors derived from bacterial plasmids, 
-0 from bacteriophage, from trans posons, from yeast episomes, from insertion elements, from yeast 

chromosomal elements, from viruses such as baculoviruses, papova viruses, such as SV40, 
vaccinia viruses, adenoviruses, fowl pox viruses, pseudorabies viruses and retroviruses, and 
25 vectors derived from combinations thereof, such as those derived from plasmid and bacteriophage 
genetic elements, such as cosmids and phagemids. The expression systems may contain control 
regions that regulate as well as engender expression. Generally, any system or vector suitable to 
maintain, propagate or express polynucleotides to produce a polypeptide in a host may be used 
The appropriate nucleotide sequence may be inserted into an expression system by any of a variety 
30 of well-known and routine techniques, such as, for example, those set forth in Sambrook et al. t 
MOLECULAR CLONING, A LABORATORY MANUAL {supra). 

For secretion of the translated protein into the lumen of the endoplasmic reticulum, into the 
periplasmic space or into the extracellular environment, appropriate secretion signals may be 
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incorporated into the desired polypeptide. These signals nay be endogenous to the polypeptide or 
they may be heterologous signals. 

If the TR6 polypeptide is to be expressed for use in screening assays, the polypeptide 
may be produced at the surface of the cell. In this event, the cells may be harvested prior to 
5 use in the screening assay. If TR6 polypeptide is secreted into the medium, the medium can 
be recovered in order to recover and purify the polypeptide; if produced intracellularly. the 
cells must first be lysed before the polypeptide is recovered. 

TR6 polypeptides can be recovered and purified from recombinant cell cultures by well- 
known methods including ammonium sulfate or ethanol precipitation, acid extraction, anion or 
10 cation exchange chromatography, phosphocellulose chromatography, hydrophobic interaction 
chromatography, affinity chromatography, hydroxylapatite chromatography and lectin 
chromatography. Most preferably, high performance liquid chromatography is employed for 
purification. Well known techniques for refolding proteins may be employed to regenerate active 
coriformation when the polypeptide is denatured during isolation and or purification. 

15 

Diagnostic Assays 

This invention also relates to the use of TR6 polynucleotides for use as diagnostic 
reagents. Detection of a mutated form of TR6 gene associated with a dysfunction will provide a 
diagnostic tool that can add to or define a diagnosis of a disease or susceptibility to a disease which 

20 results from under-expression. over-expression or altered expression of TR6. Individuals carrying 
mutations in the TR6 gene may be detected at the DNA level by a variety of techniques. 

Nucleic acids for diagnosis may be obtained from a subject's cells, such as from blood, 
urine, saliva, tissue biopsy or autopsy material. The genomic DNA may be used directly for 
detection or may be amplified enzymatically by using PGR or other amplification techniques prior 

25 to analysis, RNA or cDNA may also be used in similar fashion. Deletions and insertions can be 
dff^rtffj by a change in size of the amplified product in comparison to the normal genotype. Point 
mutations can be identified by hybridizing amplified DNA to labeled TR6 nucleotide sequences. 
Perfectly matched sequences can be distinguished from mismatched duplexes by RNase digestion 
or by differences in melting ternperatures. DNA sequence differences may also be detected by 

30 alterations in electrophoretic mobility of DNA fragments in gels, with or without denaturing 

agents, or by direct DNA sequencing. See, e.g., Myers et aL, Science { 1985) 230:1242. Sequence 
changes at specific locations may also be revealed by nuclease protection assays, such as RNase 
and SI protection or the chemical cleavage method. Sec Cotton et at, Proc Natl Acad Sci USA 
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(1985) 85: 4397-4401. In another embodiment, an array of oligonucleotides probes comprising 
TR6 nucleotide sequence or fragments thereof can be constructed to conduct efficient 
screening of e.g., genetic mutations. Array technology methods are well known and have 
general applicability and can be used to address a variety of questions in molecular genetics 
5 including gene expression, genetic linkage, and genetic variability. (See for example: M.Chee 
et al.. Science, Vol 274, pp 610-613 (1996)). 

The diagnostic assays offer a process for diagnosing or determining a susceptibility to 
chronic and acute inflammation, arthritis, septicemia, autoimmune diseases (eg inflammatory 
bowel disease, psoriasis), transplant rejection, graft vs. host disease, infection, stroke, ischemia, 
1 0 acute respiratory disease syndrome, restenosis, brain injury, AIDS, Bone diseases, cancer (eg 
lymphoproliferative disorders), atheroschlerosis, and Alzheimers disease, through detection of 
mutation in the TR6 gene by the methods described 

In addition, chronic and acute inflammation, arthritis, septicemia, autoimmune diseases 
5 (eg inflammatory bowel disease, psoriasis), transplant rejection, graft vs. host disease, infection, 

□ 1 5 stroke, ischemia, acute respiratory disease syndrome, restenosis, brain injury, AIDS, Bone 
*~ diseases, cancer (eg rymphoproliferative disorders), atheroschlerosis, and Alzheimers disease can 

be diagnosed by methods comprising determining from a sample derived from a subject an 
abnormally decreased or increased level of TR6 polypeptide or TR6 mRNA. Decreased or 
^ increased expression can be measured at the RNA level using any of the methods well known 

x 20 in the art for the quantitation of polynucleotides, such as, for example, PCR, RT-PCR, 
~ RNase protection. Northern blotting and other hybridization methods. Assay techniques that 

2 can be used to determine levels of a protein, such as an TR6 polypeptide, in a sample derived from 

•.J 

a host are well-known to those of skill in the art Such assay methods include radioimmunoassays, 
couy e tiu ve-binding assays. Western Blot analysis and ELISA assays. 

25 

Chromosome Assays 

The nucleotide sequences of the present invention are also valuable for chromosome 
kientifkatiort The sequence is specifically targeted to and can hybridize with a particular location 
on an individual human chromosome. The mapping of relevant sequences to chromosomes 
30 according to the present invention is an important first step in correlating those sequences with gene 
associated disease. Once a sequence has been mapped to a precise chromosomal location, the 
physical position of the sequence on the chromosome can be correlated with genetic map data. 
Such data are found, for example, in V. McKusick, Mendelian Inheritance in Man (available on 
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line through Johns Hopkins University Welch Medical Library). The relationship between genes 
and diseases that have been mapped to the sanx chromosomal region are then identified through 
linkage analysis (coinheritance of physically adjacent genes). 

The 3' untranslated region of TR6 matches the 295 bp nucleotide sequence of a mapped 
5 EST (GenbankID:D20151). This EST has been mapped by the Whitehead Institute to 
chrornosorne 8, 97.68 cR from the top of the Chromosome 8 linkage group. 

The differences in the cDNA or genomic sequence between affected and unaffected 
individuals can also be determined. If a mutation is observed in some or all of the affected 
individuals but not in any normal individuals, then the mutation is likely to be the causative 
10 agent of the disease. 

Antibodies 

The polypeptides of the invention or their fragments or analogs thereof, or cells expressing 
£ them can also be used as immunogens to produce antibodies irnrnunospecific for the TR6 

O 1 5 polypeptides. The term "immuncfir^cifjc'* means that the antibodies have substantial! greater 
£ affinity for the polypeptides of the invention than their affinity for other related polypeptides in the 



pnorart 

Antibodies generated against the TR6 polypeptides can be obtained by administering the 

polypeptides or epitope- bearing fragments, analogs or cells to an animal, preferably a nonhuman, 

20 using routine protocols. For preparation of monoclonal antibodies, any technique which provides 

" antibodies produced by continuous cell line cultures can be used. Examples include the hybridoma 

2 technique (Kohler, G. and Milstein, G. Mmire (1975) 256:495-497), the trioma technique, the 

s] 

human B-cefl hybridoma technique (Kozbor et al % Immunology Today (1 983) 4:72) and the EBV- 
hybridorna technique (Cole etaL< MONOCLONAL ANTIBODIES AND CANCER THERAPY. 
25 pp. 77-96, Alan R. Liss, Inc., 1985). 

Techniques for the production of single chain antibodies (U.S. Patent No. 4,946,778) can 
also be adapted to produce single chain antibodies to polypeptides of this invention. Also, 
transgenic mice, or other organisms including other mammals, may be used to express humanized 
antibodies. 

30 The above-described antibodies may be employed to isolate or to identify clones 

expressing the polypeptide or to purify the polypeptides by affinity chromatography. 

Antibodies against TR6 polypeptides may also be employed to treat chronic and acute 
inflammation, arthritis, septicemia, autoimmune diseases (eg inflammatory bowel disease, 
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psoriasis), transplant rejection, graft vs. host disease, infection, stroke, ischemia, acute respiratory 
disease syndrome, restenosis, brain injury, AIDS. Bone diseases, cancer (eg lymphoproliferative 
disorders), atheroschlerosis, and Alzheimers disease.among others. 

Vaccines 

Another aspect of the invention relates to a method for inducing an immunological 
response in a mammal which comprises inoculating the mammal with TR6 polypeptide, or a 
fragment thereof, adequate to produce antibody and/or T cell immune response to protect said 
animal from chronic and acute inflammation, arthritis, septicemia, autoimmune diseases (eg 
inflammatory bowel disease, psoriasis), transplant rejection, graft vs. host disease, infection, 
stroke, ischemia, acute respiratory disease syndroms, restenosis, brain injury, AIDS, Bone 
disease, cancer (eg lymphoproliferative disorders), atheroschlerosis, and Alzheimers 
diseascamong others. Yet another aspect of the invention relates to a method of inducing 
immunological response in a mammal which comprises, delivering TR6 gene via a vector 
directing expression of TR6 polypeptide in vivo in order to induce such an immunological 
response to produce antibody to protect said animal from diseases. 

Further aspect of the invention relates to an immunological/vaccine formulation 
(composition) which, when introduced into a mammalian host, induces an immunological 
response in that mammal to a TR6 polypeptide wherein the composition comprises a TR6 
polypeptide or TR6 gene. The vaccine formulation may further comprise a suitable carrier. 
Since TR6 polypeptide may be broken down in the stomach, it is preferably administered 
parenterally (including subcutaneous, intramuscular, intravenous, intradermal etc. injection). 
Formulations suitable for parenteral administration include aqueous and non-aqueous sterile 
injection solutions which may contain anu-oxidants, buffers, bacteriostats and solutes which 
render the formulation instonic with the blood of the recipient; and aqueous and non-aqueous 
sterile suspensions which may include suspending agents or thickening agents. The 
formulations may be presented in unit-dose or multi*dose containers, for example, sealed 
ampoules and vials and may be stored in a freeze-dried condition requiring only the addition 
of the sterile liquid carrier immediately prior to use. The vaccine formulation may also 
include adjuvant systems for enhancing the immunogenicity of the formulation, such as oil-in 
water systems and other systems known in the art. The dosage will depend on the specific 
activity of the vaccine and can be readily determined by routine experimentation. 
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Screening Assays 

The TR6 polypeptide of the present invention may be employed in a screening process for 
compounds which activate (agonists) or inhibit activation of (antagonists, or otherwise called 
inhibitors) the TR6 polypeptide of the present invention. Thus, polypeptides of the invention may 
also be used to assess identify agonist or antagonists from, for example, cells, cell-free 
preparations, chemical libraries, and natural product mixtures. These agonists or antagonists may 
be natural substrates, ligands, receptors, etc., as the case may be, of the polypeptide of the present 
invention; or may be structural or functional rnirnetics of the polypeptide of the present invention. 
See Coligan ex aL, Current Protocols in Immunology 1 ©.Chapter 5 (1991). 

TR6 proteins are ubiquitous in the mammalian host and are responsible for many 
biological functions, including many pathologies. Accordingly, it is desirous to find compounds 
and drugs which stimulate TR6 polypeptide on the one hand and which can inhibit the function of 
TR6 polypeptide on the other hand. In general, agonists are employed for therapeutic and 
prophylactic purposes for such conditions as chronic and acute inflammation, arthritis, septicemia, 
autoimmune diseases (eg inflammatory bowel disease, psoriasis), transplant rejection, graft vs. host 
disease, infection, stroke, ischemia, acute respiratory disease syndrome, restenosis, brain injury, 
AIDS, Bone diseases, cancer (eg lymphoproliferative disorders), atherosclerosis, and Alzheirners 
disease. Antagonists may be employed for a variety of therapeutic and prophylactic purposes for 
such conditions as chronic and acute inflammation, arthritis, septicemia, autoimmune diseases (eg 
inflammatory bowel disease, psoriasis), transplant rejection, graft vs. host disease, infection, 
stroke, ischemia, acute respiratory disease syndrome, restenosis, brain injury, AIDS, Bone 
diseases, cancer (eg lymphoproliferative disorders), atheroschlerosis, and Alzheirners disease. 

Such screening procedures may involve producing appropriate cells which express the 
TR6 polypeptide of the present invention on the surface thereof. Such cells include cells from 
mammals, yeast, Drosophila at E. coli. Cells expressing the TR6 polypeptide (or cell membrane 
containing the expressed polypeptide) fused to the membrane and intracellular domains of any 
single transmembrane receptor, prefereabry one with a known fuctionai readout upon ligand 
binding (eg as tyrosine kinase domain) are then contacted with a test compound to observe binding, 
or stimulation or inhibition of a functional response. 

The assays may simply test binding of a candidate compound wherein adherence to 
the cells bearing the TR6 polypeptide is detected by means of a label directly or indirectly 
associated with the candidate compound or in an assay involving competition with a labeled 
competitor. Further, these assays may test whether the candidate compound results in a 
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signal generated by activation of the TR6 polypeptide, using detection systems appropriate to 
the cells bearing the TR6 polypeptide at their surfaces. Inhibitors of activation are generally 
assayed in the presence of a known agonist and the effect on activation by the agonist by the 
presence of the candidate compound is observed. Standard methods for conducting such 
5 screening assays are well understood in the an. 

Alternatively, TR6 may be expressed as a soluble protein, including versions which ruse 
all or part of TR6 with a convenient partner peptide for which detection reagents are available, eg 
TR6-IgG fusions, and used in a solid state or solution phase binding assay. For example, the 
soluble TR6 can be used to detect agonist or antagonist binding directly through changes that can 
1 0 be detected experimentally, eg surface plasmon resonance, nuclear magnetic resonance 

spectrometry, sedimentation, calorimetry. The soluble TR6 can be used to detect agonist or 
antagonist binding indirectly by looking for competition of the candidate agonist or antagonist with 
a ligand whose binding can be detected. Ligand detection methods include antibody recognition. 
T modificauon of the ligand via radioactive labeling, chemical modification (eg biotinylation), fusion 

2 15 to an epitope tag. Methods include ELISA based assays, immunoprecipitation and scintillation 
proximity. 

1j Assays similar to those described above using soluble or membrane bound TR6 may also 

i be used to identify and purify the natural ligand(s) of TR6. These ligands may be agonists or 

^ antagonists of the receptor. 

*H 20 Examples of potential TR6 polypeptide antagonists include antibodies or, in some cases, 

oligonucleotides or proteins which are closely related to the ligands, substrates, receptors, etc., as 
g the case may be, of the TR6 polypeptide, e.g., a fragment of the ligands, substrates, receptors, or 

small molecules which bind to the polypeptide of the present invention but do not elicit a response, 
so that the activity of the polypeptide is prevented 
25 The TR6 cDNA. protein and antibodies to the protein may also be used to configure 

assays for detetcting the effect of added compounds on the production of TR6 mRNA and protein 
in cells. For example, an FT ISA may be constructed for measuring secreted or cell associated 
levels of TR6 protein using monoclonal and polyclonal antibodies by standard methods known in 
the art, and this can be used to discover agents (Le. antagonists or agonists) which may inhibit or 
30 enhance the production of TR6 from suitably manipulated cells or tissues. 
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Prophylactic and Therapeutic Methods 

This invention provides methods of treating an abnormal conditions related to both an 
excess of and insufficient amounts of TR6 polypeptide activity. 

If the activity of TR6 polypeptide is in excess, several approaches are available. One 
approach comprises administering to a subject an inhibitor compound (antagonist) as hereinabove 
described along with a pharmaceutically acceptable carrier in an amount effective to inhibit 
activation by blocking binding of ligands to the TR6 polypeptide, or by inhibiting a second signal 
and thereby alleviating the abnormal condition. 

In another approach, soluble forms of TR6 polypeptides still capable of binding the 
ligand in competition with endogenous TR6 polypeptide may be administered. Typical 
embodiments of such competitors comprise fragments of the TR6 polypeptide. 

In still another approach, expression of the gene encoding endogenous TR6 
polypeptide can be inhibited using expression blocking techniques. Known such techniques 
involve the use of antisense sequences, either internally generated or separately administered. 
See, for example, O'Connor, J Neurochem (1991) 56:560 in Oligodeoxvnucleotides as 
Aflfofinse fahMftrc tf gene Exprwipn, CRC Press, Boca Raton, FL (1988). Alternatively, 
oligonucleotides which form triple helices with the gene can be supplied. See, for example, 
Lee et aL Nucleic Acids Res (1979) 6:3073; Cooney et aL Science (1988) 241:456; Dervan 
et aL Science (1991) 25 1:1360. These oligomers can be administered per se or the relevant 
oligomers can be expressed in vivo. 

For treating abnormal conditions related to an under-expression of TR6 and its activity, 
several approaches are also available. One approach comprises adrninistering to a subject a 
therapeutically effective amount of a compound which activates TR6 polypeptide, i.e., an agonist 
as described above, in combination with a pharmaceutically acceptable carrier, to thereby alleviate 
the abnormal condition. Alternatively, gene therapy nay be employed to effect the endogenous 
production of TR6 by the relevant cells in the subject. For example, a polynucleotide of the 
invention nay be engineered for expression in a replication defective retroviral vector, as discussed 
above. The retroviral expression construct may then be isolated and introduced into a packaging 
cell transduced with a retroviral p las mid vector containing RNA encoding a polypeptide of the 
present invention such that the packaging cell now produces infectious viral particles containing the 
gene of interest These producer cells may be administered to a subject for engineering cells in vivo 
and expression of the polypeptide in vivo. For overview of gene therapy, see Chapter 20. Gene 
Therapy and other Molecular Genetic-based Therapeutic Approaches, (and references cited 
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therein) in Hunan Molecular Generics, T Strachan and A P Read BIOS Scientific Publishers Ltd 
(1996). 

Formulation and Administration 
5 Peptides, such as the soluble form of TR6 polypeptides, and agonists and antagonist 

peptides or small molecules, may be formulated in combination with a suitable phannaceurical 
carrier. Such formulations comprise a therapeutically effective amount of the polypeptide or 
compound and a pharmaceutical^ acceptable carrier or excipient. Such carriers include but are 
not limited to, saline, buffered saline, dextrose, water, glycerol ethanoL and combinations thereof. 
10 Formulation should suit the mode of administration, and is well within the skill of the art The 

invention further relates to pharmaceutical packs and kits comprising one or more containers filled 
with one or more of the mgredients of the aforerrmioned compositions of the invention. 

Polypeptides and other compounds of the present invention may be employed alone or in 
conjunction with other cornpounds, such as therapeutic compounds. 
□ 1 5 Preferred forms of systemic administration of the pharmaceutical compositions include 

J injection, typically by intravenous injection. Other injection routes, such as subcutaneous, 

fw intramuscular, or intraperitoneal, can be used Alternative means for systemic administration 

% include transmucosal and transoVsmal administration using penetrants such as bile salts or fusidic 

acids or other detergents. In addition, if properly formulated in enteric or encapsulated 
20 formulations, oral adirnnistrauon may also be possible. Aorrunistrauon of these compounds may 
-"t also be topical and/or localized, in the form of salves, pastes, gels and the like, 

£ The dosage range required depends on the choice of peptide, the route of administration, 

^ the nature of the formulation, the nature of the subject * s condition, and the judgment of the 

nftpj^ffmg practitioner. Suitable dosages, however, are in the range of 0. 1 - 1 00 ug/kg of subject 
25 Wide variations in the needed dosage, however, are to be expected in view of the variety of 
compounds available and the differing efficiencies of various routes of adrrunistration. For 
example, oral administration would be expected to require higher dosages than administration by 
intravenous injection. Variations in these dosage levels can be adjusted using standard empirical 
routines for optimization, as is well understood in the art 
30 Polypeptides used in treatment can also be generated endogenousry in the subject, in 

treatment modalities often referred to as "gene therapy** as described above. Thus, for example, 
cells from a subject may be engineered with a polynucleotide, such as a ONA or RNA. to encode a 
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polypeptide ex vivo, and for example, by the use of a retroviral plasmid vector. The cells are then 
introduced into the subject 

Examples 

The examples below are carried out using standard techniques, which are well known and 
routinetothc^ofskfflinthea*^ The examples 

illustrate, but do not limit the invention. 

Example 1 

An EST (EST#1 760054; Project ID HSYAD88) with sequence similarity to the human 
TNF receptor was discovered in a c onimercial EST database. Analysis of the 1073 nucleotide 
sequence of the partial cDN A indicated that M encoded an open reading frame for a novel member 
of the TNF receptor superfamily and was named TR6. The predicted partial protein is 307 amino 
-f! acids long, with a hydrophobic rnembrane spanning region indicating that at least one form of TR6 

3 15 is expressed as a rrrrnbrane bound protein. Comparison of TR6 partial protein sequence, with 
-r other TNF receptor family proteins indicates that it has at least two of the cysteine-rich repeats 

ft ' characteristic of the extracellular domains of this family, and an intracellular death domain. 
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Example 2 



^ 20 Northern blot of TR6. 

— Various tissues and cell lines were screened for mRNA expression by Northern blot. 

£ RNA was prepared from cells and cell lines using Tri-Reagent (Molecular Research Center Inc., 

^ Cincinnati OH), run in denaturing agarose gels (Sambrook et aL, Molecular Cloning: a laboratory 

manual 2nd Ed. Cold Spring Harbor Lab Press, NY (1989)) and transfered to Zeta-probe nylon 
25 membrane (Biorad, Hercules, CA) via vacuum blotting in 25 mM NaOh for 90 rrdn. After 
neutralization for 5-10 minutes with 1M tris-HCh pH 7.5 containing 3M NaCL the blots were 
prehybridiied with 50% formamide, 8% dextran sulfate, 6XSSPE, 0. 1 %SDS and lOOmg/ml of 
sheared and dentured salmon sperm DN A for at least 30 mm. At 42°C cDNA probes were labeled 
with 32P-CTP by random priming (Statagene, La Jolla, CA). briefly denatured with 0.25M NaOH 
30 and a'MH to the prehybridization solution. After a further incubation for at least 24h at 42°C, the 
blots were washed in high stringency conditions and exposed to X-ray film. 

Very high expression of TR6 RNA was detected in aortic endothelial cells. High 
expression was also detected in monocytes. Low expression was detected in bone marrow and 
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CD4+ activated PBLs. Very low, but detectable levels of TR6 RNA was expressed in CD 19+ 
PBLs, CD8+ PBLs (both activated and unstimulated), and unstimulated CD4+ PBLs. 

In hematopoietic cell lines, low levels of TR6 RNA was expressed in HL60 
(promyelocyte), KG! a (promyeioblast) and KG1 (myeloblast) cell lines. Very low but 
detectable levels of TR6 RNA was expressed in U937 (monoblast) and TOP-! (monocyte) 
cell lines. 

The major RNA form is 3 J kb in size. 
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What is claimed is: 

1 . An isolated polynucleotide comprising a nucleotide sequence that has at least 
80% identity to a nucleotide sequence encoding the polypetide of SEQ ID NO:2 or the 

5 corresponding fragment thereof; or a nucleotide sequence complementary to said nucleotide 
sequence. 

2. The polynucleotide of claim 1 which is DNA or RNA. 

10 3 . The polynucleotide of claim 1 wherein said nucleotide sequence is at least 

80% identical to that contained in SEQ ID NO: 1 . 

4. The polynucleotide of claim 3 wherein said nucleotide sequence is contained 
inSEQIDNO:!. 

5. The polynucleotide of claim 1 wherein said encoding nucleotide sequence 
encodes the polypeptide of SEQ ID NO:2 or a fragment thereof. 

6. A polynucleotide probe or primer comprising at least 15 contiguous 
nucleotides of the polynucleotide of claim 3. 

7. A DNA or RNA molecule comprising an expression system wherein said 
expression system is capable of producing a TR6 polypeptide or a fragment thereof having at 
least 80% identity with a nucleotide sequence encoding the polypeptide of SEQ ID NO: 2 or 
said fragment when said expression system is present in a compatible host cell. 

8. A host cell comprising the expression system of claim 7. 

9. A process for producing a TR6 polypeptide or fragment comprising culturing 
30 a host of claim 8 and under conditions sufficient for the production of said polypeptide or 

fragment 
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10. The process of claim 9 wherein said polypeptide or fragment is expressed at 
the surface of said cell. 

1 1 . Cells produced by the process of claim 10. 

5 

12. The process of claim 9 which further includes recovering the polypeptide or 
fragment from the culture. 

13. A process for producing a cell which produces a TR6 polypeptide or a 
10 fragment thereof comprising transforming or transfecting a host cell with the expression 

system of claim 7 such that the host cell, under appropriate culture conditions, produces a 
TR6 polypeptide or fragment. 



q 1 4. A TR6 polypeptide or a fragment thereof comprising an amino acid sequence 

□ 1 5 which is at least 80% identical to the amino acid sequence contained in SEQ ID NO:2. 

|Tj 1 5. The polypeptide of claim 14 which comprises the amino acid sequence of 

q SEQ ID NO:2, or a fragment thereof. 

« 

20 16 - A TR6 polypeptide or fragment prepared by the rtwhod of claim 1 2. 



17. An antibody immunospecifk for the TR6 polypeptide of claim 14. 

18. A method for the treatment of a subject in need of enhanced TR6 polypeptide 
25 activity comprising: 

(a) administering to the subject a therapeutically effective amount of an agonist 
to said polypeptide; and/or 

(b) providing to the subject TR6 polynucleotide in a form so as to effect production 
of said polypeptide activity in vivo. 

30 

19. A method for the treatment of a subject having need to inhibit TR6 
polypeptide activity comprising: 
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(a) administering to the subject a therapeutically effective amount of an 
antagonist to said polypeptide; and/or 

(b) administering to the subject a nucleic acid molecule that inhibits the 
expression of the nucleotide sequence encoding said polypeptide; and/or 

(c) administering to the subject a therapeutically effective amount of a 
polypeptide that competes with said polypeptide for its ligand, substrate, or receptor. 

20. A process for diagnosing a disease or a susceptibility to a disease in a subject 
related to expression or activity of TR6 polypeptide in a subject comprising: 

(a) determining the presence or absence of a mutation in the nucleotide sequence 
encoding said TR6 polypeptide in the genome of said subject; and/or 

(b) analyzing for the presence or amount of the TR6 polypeptide expression in a 
sample derived from said subject 



21. A method for identifying compounds which bind to TR6 polypeptide 
comprising: 

(a) contacting cells of claim 1 1 with a candidate compound; and 

(b) assessing the ability of said candidate compound to bind to said cells. 



22. The method of claim 2 1 which further includes determining whether the 
candidate compound effects a signal generated by activation of the TR6 polypeptide at the 
surface of the cell, wherein a candidate compound which effects production of said signal is 
identified as an agonist 

23. An agonist identified by the method of claim 22. 

24. The method of claim 21 which further includes contacting said cell with a 
known agonist for said TR6 polypeptide; and 

deterrnining whether the signal generated by said agonist is diminished in the presence 
of said candidate compound, wherein a candidate compound which effects a diminution in 
said signal is identified as an antagonist for said TR6 polypeptide. 

26. An antagonist identified by the method of claim 24. 
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ABSTRACT OF THE DISCLOSURE 

TR6 polypeptides and polynucleotides and methods for producing such polypeptides 
by recombinant techniques are disclosed. Also disclosed are methods for utilizing TR6 
5 polypeptides and polynucleotides in the design of protocols for the treatment of chronic and 
acute uiflammatioa arthritis, septicemia, autoimmune diseases (eg irdlammatory bowel disease, 
psoriasis), transplant rejection, graft vs. host disease, infection, stroke, ischemia, acute respiratory 
disease syndrome, restenosis, brain injury. AIDS. Bone diseases, cancer (eg lymphoproliferative 
disorders), atherosclerosis, and Alzheimen diseascamong others, and diagnostic assays for 
10 such conditions. 
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FIGURE 1. Nucleotide and Amino Acid sequence of TR6 (SEQ IDNOS: 1 and 2. 
respectively.) 



30 50 
10 30 



CCCACGCCTCCGATGACCTCCl 



-TTTTCTGCTI««3Ct<^CCACGTCT<» 
HisAl.SerAspAspLeuLeuPheCysI.uXr^ThrArgCysAspSerOlvOluVal 

70 

GAGCTAAGTCCC^CC^^^ 

^uSerPrc^sT^hrThr^AsnThrValCysClnCysGluO.uGl/rhrPhe 
13. 

CGGGAAGAAGATTTC^ 
190 

GTCAAGGTCGGTGATTGTACACCCTGGAGTGACATCGAATGTGTCCACAAAGAATCAGGC 



pCysThrProTrpSerAspIleGluCysVa 



IHisLysGluSerGly 



ValLysValGlyAs 

250 270 
ATCATCATAgGAGTCACAGTTGCAGCCGTAOTCTrGMTG^ 

^UlyvalThrValAlaAlaValValLeuIleValAlaValPheValCyaLys 
310 

TCTTTACTCTGGAAsAAAGTCCTTCCTTACCTGAAAGGCATCTGCTCAGGTGGTGGTGG^ 
SerLeuL«uTrpLysLy S ValL«uProTyrLeuLysGlylleCysSerGlyGlyGlyGly 



370 



390 « 10 



GACCCTGAGCGTGTGGACAGAAGcTCACAACGACCTGGGGCTGAGGACAATGTCCTCAAT 
AspProGluAroV.lA8pArgS.rSerGlnAr,ProGlyAlaGluAspA3nValL.uAsn 



GH500008P 



430 



450 470 



GAGATCCTGAGTATCTTGCAGCCCACCCAGGTCCCTGAGCAGGAAATGGAAGTCCAGGAC 
GluIleValSerlleLeuGlnProThrGlnValProGluGlnGluMetGluValGlnGlu 

490 510 530 

CCAGCAGAGCCAACAGGTGTCAACATGTTGTCCCCCGGGGAGTCAGAGCATCTGCTGGAA 
ProAlaGluProThrGlyValAsnMetLeuSerProGlyGluSerGluHisLeuLeuGlu 



550 



570 590 



CCGGCAGAAGCTGAAAGGTCTCAGAGGAGGAGGCT^TGGTTCCAGCAAATGAA 
ProAIaGluAlaGluArgSerGlnArgArgArgLeuLeuValProAlaAsnGluGlyAsp 

610 630 650 



31 CCCACTGAGACTCTGAGACAGTGCTTCGATX3ACTTTGCAGACTTGGTGCCCTTTGACTCC 

a 



ProThrGluThrLeuArgGlnCysPheAspAspPheAlaAflpLcuValProPhcAspScr 
670 690 710 



TGGGAACCCCTCATGAGGAAGTTGGGCCTCATGGACAATgAGATTgaGGTGGCTAAAGCT 
TrpGluProLeuMetArgLysLeuGlyLcuMetAspAsnGluIleGluValAlaLysAla 

13 

«l! 730 750 770 

£ GAGGCAGCGGGCCACAGGGACACC7TG7ACACGATGCTGATAAAGTGGGTCAACAAAACC 
<^ GluAlaAlaGlyHisArgAspThrLeuTyrThrMecLeuIleLysTrpValAsnLysThr 

790 810 830 

GGGCGAGATGCCTCTGTCCACACCCTGCTGGATGCCTTGGAGACGCTGGGAGAGAGACCT 
GlyArgAspAlaSerValHisThrLeuLeuAspAlaLeuGluThrLeuGlyGluArgLeu 

850 870 890 

GCCAAGCAGAAGATTGAGGACCACTTGTTGAGCTCTGGAAAGTTCATGTATCTAGAAGGT 
AlaLysGlnLysIleGluAspHisLauLeuSerSerGlyLysPheMetTyrLeuGluGly 



GHS00008P 



910 930 950 

AATGCAGACTCTGCCATC^ . 
AanAlaA*pSerAlaM«tSerEndValEnd 

970 990 1010 

TTACC T rTTrTCT G GAAAAAGCCCAACTGGACTCCAGTCAGTACGAAAGTGCCACAATTO 

1030 1050 1070 

TCACATGACCGOTACTGQAAGAAAC'rCTCCCATCCAACATCACCCAGTGGA 
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